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Abstract 
Chapter 1 begins with a brief introduction to the structural characteristics of 
cyclopentadienyl complexes and carbametallaboranes derived from 
[7,8-nid6-C2B9H 11 ] 2 . This is followed by a discussion of the chemistry of 
monoanionic nido-icosahedral carbaboranes, paying particular attention to 
compounds containing the ligand [9-Me 2-7,8-nido-C2B9H10}. The chapter ends 
with a survey of compounds involving the sterically demanding species 
[7,8-Ph2-7,8-nido-C2B9H9] 2 . 
Chapter 2 describes the synthesis and spectroscopic and structural 
characterisation of three (ML 2 } derivatives of [9-SMe2-7,8-nido-C2B9H10]. The 
crystallographically observed conformations of the (ML 2 ) fragments with respect to 
the carbaborane ligand in 3,3-(CO) 2-4-SMe2-3,1,2-closo-RhC2B9H10, 1, and 
3-(r 2 ,7 2-C8H12)-4-SMe2-3, 1 ,2-closo-RhC2B 9H10, 2, differ significantly from those 
adopted by (ML2 ) complexes of the unsubstituted ligand [7,8-nid6-C2B 9H11 ]2 . This 
has been traced to differences in the it frontier molecular orbitals of the carbaborane 
fragments, the observed orientations being consistent with the results of extended 
Mickel molecular orbital (EHMO) calculations. The conformation adopted in 
[3-(r 2 , 2-C8H12)-4-SMe2-3, 1 ,2-closo-PdC2B9H10]BF4, 4.BF4 , is strongly influenced 
by electrostatic interactions both within and between ion pairs within the crystal. 4 
is a rare example of a cationic heteroborane, analogous to compound 2 except in the 
notional replacement of Rh by Pd2 . Comparative EHMO calculations show that the 
additional charge in 4 is delocalised over the entire icosahedral framework and is not 
localised either at the metal vertex or at the pendant, cage-bound sulphur atom. 
Chapter 	3 	presents 	a series 	of 	palladium allyl 	derivatives of 
[9-SMe2-7,8-nido-C2B9H10J of 	the general form 
(7 
3-(C3H4R)-4-SMe2-3,1,2-closo-PdC2B9H10, all of which have been characterised by 
1 H and "B n.m.r. spectroscopy, and three of which have been structurally 
characterised. The n.m.r. spectra show that allylic 11 3  bonding is maintained in room 
temperature solutions in all cases, and suggest that two geometric isomers are formed 
during synthesis when the allyl ligand is asymmetrically substituted. (C 3H5) acts as 
a four electron donor ligand to palladium, occupying two coordination sites, hence 
(Pd(C3H5)) might be considered to be an (ML 2 )-type fragment. The 
crystallographically observed conformation of 5 (R = H) is, however, somewhat 
different to that adopted in the true (ML 2 ) complexes described in chapter 2, thus 
suggesting modified bonding capabilities of the (Pd(allyl)) fragment. Such 
differences are indeed confirmed by the results of EHMO calculations. The 
conformations adopted by compounds 7 and 8 (R = 1-syn-CO2Et and l-syn-Ph 
respectively) are influenced by intramolecular crowding as well as the usual 
electronic factors and in addition in 8, there is an attractive interaction between the 
phenyl ring and one of the relatively protonic cage carbon bound H atoms. Three 
structure determinations on compounds containing an asymmetric allyl ligand (one on 
a crystal of 7 and two on different crystal forms of 8) show molecules of the same 
geometric isomer, thus implying a preference for the crystallisation of this isomer 
over the other. 
Chapter 	4 	presents 	the 	structures 	of 
[HNEt3] [7,8-Ph2- 1 O-endo-H-7,8-nido-C2B 9H9] ([HNEt3]9) and 
exo--4,9- ( Rh(PPh3
) ) 
-7,8-Ph2-7,8-nido-C2BH 10 (lOa). Synthesis of the latter 
supports the hypothesis that the exo-nido (as opposed to closo) tautomer is formed 
preferentially if the steric requirements of the cage carbon bound substituents are 
substantial. The ' 1B n.m.r. spectra of [HNEt3]9 imply C symmetry of the anion, 
which is confirmed by the crystallographic study, and that the additional facially 
bound H atom is endo-bound at B(lO). The 31P-( 'H) n.m.r. spectrum of lOa reveals 
Vi 
reveals that an exo-nido structure is maintained in room temperature solutions. 9 and 
lOa exhibit short cage C-C connectivities compared to the parent closo species 
l,2-Ph2-1,2-c1oso-C2B 10H10, as a result of their nido geometries and despite the 
closely situated phenyl substituents. In both compounds the aromatic substituents are 
virtually perpendicular to the cage face. 
Chapter 5 describes the experimental techniques employed in the synthesis, 
characterisation and structural analysis of the compounds discussed in chapters 2,3 
and 4. The synthetic methods used in the preparation of the compounds, including 
their spectroscopic and analytical data are detailed in section 1. Section 2 includes an 
outline of the crystallographic methods used as well as experimental details of the 
structure determinations and the resulting fractional coordinates and thermal 
parameters. Section 3 contains a description of the EHMO method, coordinates of 
atoms in model fragments on which calculations were performed and the results of 
calculations to determine the net atomic charges in 2 and 4. 
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EHMO extended Hückel molecular orbital 
Et ethyl 




LCAO linear combination of atomic orbitals 
LUMO lowest unoccupied molecular orbital 
Me methyl 
MO molecular orbital 
n.m.r. nuclear magnetic resonance 




tic thin layer chromatography 
vhs 
Abbreviations for Specific Compounds 
1 3,3-(CO)2-4-SMe2-3, 1 ,2-closo-RhC 2BH 10 
2 3-(fl 2 ,T 2-C8H12)-4-SMe2-3, 1 ,2-closo-RhC 2B9H10 
3 1 -5-OMe-C8H12)-4-SMe2-3, 1 ,2-closo-PdC 2B9H10 
4 3- (T 2,T12-C8H12)-4-SMe2-3 , 1 ,2-closo-PdC2B9H10 
5 3-(C3H5)-4-SMe2-3, 1 ,2-closo-PdC2B9H10 
6 3-(2-Me-C3H4)-4-SMe2-3, 1 ,2-closo-PdC2B9H10 
7 3-( 1 -syn-CO2Et-C3H4)-4-SMe2-3, 1 ,2-closo-PdC2B9H10 
8 3-( 1 -syn-Ph-C 3H4)-4-SMe2-3, 1 ,2-closo-PdC2B9H10 
9 7,8-Ph2- 1O-endo-7,8-nido-C2B9H9 
lOa exo--4,9- ( Rh(PPh3 )2 ) -7,8-Ph2-7,8-nid6-C2B9H10 
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Since the earliest studies on boranes 1 , the chemistry of cluster compounds has 
been identified as a diverse and complex field. Research has focussed not only on the 
ongoing development of the reaction chemistry of such species, but also on the 
extension of chemical bonding theories in order to rationalise the unusual polyhedral 
structures observed21 . 
The unique properties of boranes and heteroboranes, as well as elemental boron 
itself, have proposed a number of potential scientific and practical applications. For 
example, the salts of boranes and heteroboranes show unusual solubility in organic 
solvents which has led to their use as extracting agents 5 and electrolytes 6 in 
non-aqueous systems. The synthesis of cluster-containing polymers 7 has been 
achieved due to the high thermal and chemical stability of closo-dicarbaboranes, and 
a series of platinum metal derivatives of carbaboranes have been found to act as 
homogeneous catalysts for processes such as alkene hydrogenation and 
isomerisation818. The high neutron capture cross section of the 10B isotope has, in 
turn, suggested the possibility of light weight neutron shields 19 and has led to 
extensive research into the employment of functionalised boranes and boronated 
organic species in tumour therapy20. In addition, the behaviour of boron atoms as 
electron holes in a four-coordinate Si'' environment has resulted in its use as a 
dopant in semiconductors 21 . Hopefully, the specific properties of boron, boranes and 
heteroboranes will be further exploited to find a wide range of scientific, medicinal 
and industrial applications in the future. 
One area of research that has undergone phenomenal growth over the last thirty 
years is that of the carbametallaboranes 22 . The basis for the synthesis of the first 
transition metal heteroborane 26 was the recognition that the bonding capabilities of 
the nido-icosahedral species [C 2B9H11 ]2  should resemble those of the well-known 
cyclopentadienide anion ([C5H5], [Cp]) since both have 6 electrons occupying 




Subsequently, a wide range of full and half-sandwich compounds has been 
prepared (analagous to metallocenes and half-sandwich [Cp] complexes) that 
incorporate the archetypal [C 2B9H11 ]2 ligand and its carbon substituted derivatives. 
Two sub-groups of this class of compound for which only a handful of examples 
exist are cationic carbametallaboranes and those containing organic exopolyhedral 
ligands. This is somewhat surprising given the quantity of organometallic and 
cationic complexes of cyclopentadienide. 
One reason may be the traditional view of carbaboranes as electron deficient 
species, thus suggesting that formation of cationic carbametallaboranes in particular 
might be electronically unfavourable. It should be noted, however, that electron 
2 
deficiency is largely alleviated by cluster bonding. A more probable reason is the 
greater negative charge of [C 2B9H11 ]2 compared with [Cp] which makes it less 
likely to form stable neutral and cationic organometallic complexes with (typically) 
low oxidation state metal fragments. Also, due to this charge discrepancy, it is clear 
that [Cpl - and [C2B9H11 ] 2- compounds incorporating the same (ML) fragment will 
not be truly analogous, the overall charge differing by one unit. The same net charge 
could only be achieved by altering the metal oxidation state or the ligand set. 
A better [Cp] analogue, that might also lead to the facile synthesis of new 
organometallic and cationic compounds, would be a monoanionic nido-icosahedral 
carbaborane ligand. An additional advantage of all such ligands that have been 
reported to date "5272, is that they contain an exoskeletal group capable of 
accommodating a full positive charge. They may therefore exhibit a degree of charge 
flexibility, since an increase in electron density at the ligating face could be offset by 
a greater positive charge at the pendant group, thus suggesting that metal fragments 
with a variety of electronic requirements could be accommodated. This special 
property of the substituted monoanionic ligands could in theory, be gainfully 
employed in catalytic systems in which changes in the ligand set and in metal 
oxidation state often occur. 
The aims of the main body of the research reported in this thesis, were to expand 
the currently small range of transition metal complexes incorporating monoanionic 
carbaborane ligands, with particular reference to neutral and cationic organometallic 
species. A smaller section is concerned with the structural study of diphenyl 
substituted derivatives of [C 2B9H1 I ] which are of particular interest due to the steric 
influences of the bulky phenyl groups on cage geometries. 
This chapter begins with a brief overview of the structural characteristics of both 
cyclopentadienide compounds and carbametallaboranes which is followed by a 
'I 
survey of monoanionic carbaborane chemistry to date, focussing on the ligand 
[9-SMe2-7,8-nido-C2B9H10] that has been employed in this work. Finally, a 




Following the discovery of ferrocene, Fe(i 5-05H5)21  over forty years ago43, the 
chemistry of transition metal complexes containing the cyclopentadienide ligand and 
its derivatives has grown to make up a very considerable portion of the field of 
organometallic chemistry. The general features of metal-Cp bonding and the 
chemistry of transition metal Cp complexes as a whole are of particular relevance to 
the carbametallaboranes discussed in this work. 
The Cp ligand is capable of bonding to a transition metal centre in a variety of 
ways. Most commonly, 71 5 ligation is observed, although there are examples in which 
the ring is bound at only three adjacent sites, in a fashion similar to the allyis, or 
through only one carbon atom to form a metal-carbon a bond. The more unusual 
bonding modes tend to be found in complexes where full T ligation would result in a 
configuration of more than 18 electrons at the metal centre. 
TI bonding is adopted in an extensive range of "half sandwich" complexes 
(MLCp), metaliocenes (MCp 2), tilted full sandwich structures, multidecker 
complexes and even in molecules containing more than two Cp ligands. Some 
examples are given in figure 1.248. 
c7, 	 Ni 
. Mo N 	 Ru 
Ni 
CO 	'Co I 
Figure 1.2 
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The metallocenes, however, show the highest symmetry, making them the best 
examples on which to base a description of the T bonding mode. 
The it frontier MOs of [Cpl -49 , shown in figure 1.3, comprise a filled a 1 orbital and 





A qualitative MO diagram for the most well-known metallocene, FeCp 21  in a 
staggered conformation (Dsd)  can be generated by considering overlap of pairs of 
these orbitals with the nine iron 3d, 4s and 4p valence orbitals of appropriate 
symmetry. The a 1 and e 1 pairs can act as a and it donors to the metal s, p and d,2 and 
, i and p,, orbitals respectively whilst the empty e 2 pairs can act as acceptors 








f A  (xz,yz) 







ng for its stability. 
p / a2e1 
1NA. 
/(.'\2g (x2-y2,xy) 	/ i/ a19'e1 9 , e29 
Fe 
	













The 18 valence electrons in FeCp 2 (6 from each [Cpl -  and 6 from Fe2 ) fill th e 
(effectively) non-bonding a 5 and 8 bonding orbitals thus accounti 
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The relative instability of, for example, the 19 and 20 electron systems CoCp 251 and 
NiCp252 , is clearly due to occupation of the antibonding e lg* orbitals, while the 
existence of species such as VCp 253 (15e) and CrCp254 (16e) must be a consequence 
of the non-bonding nature of the a g level. Not surprisingly, much of the chemistry of 
both electron rich and electron deficient metallocenes leads to the attainment of an 18 
electron configuration. 
Half-sandwich complexes of the general form CpML are well known for a wide 
range of transition metals, however, the reduced symmetry of these complexes means 
that bonding is less simple to describe than in the metallocenes. It can, however, be 
approached by considering interactions between the frontier MOs of the (ML} 
fragment, derived using local symmetry arguments, and those of (Cp). 
It is of note that introduction of certain transition metal fragments can lead to a 
reduction of aromaticity in the 11 5  Cp ligand55, demonstrated by the variation in C-C 
bond lengths, slipping of the metal atom away from the centre of the C 5 ring and Cp 
folding. Examples exist in which Cp exhibits a combination of T (7t-allylic) and 112 
bonding or forms 1 CT and 2 112 bonds to the metal involving the resonance forms of 
[Cp] shown below (figure 1.5). 
Figure 1.5 
These distortions are usually attributed to the unevenly disposed trans influences of 
the other ligands but can be effected by Cp substituents. They are exemplified by 
complexes of the indenyl ligand, [C 9H7] ([In]), which often exhibit distortions from 
8 
symmetric 11 5  ligation towards T1 3  (figure 1.6), the metal slipping towards the unique 
carbon atom. 
Figure 1.6 
The magnitude of the slip can be defined as the distance between the metal and the 
normal passing through the C5 centroid (figure 1.7) and is usually between 0.1 and 
03A. Folding of the ring occurs in conjunction with slippage, although fold angles 
are generally below 10°. 
FAI 
Figure 1.7 
Not surprisingly, greater distortions are observed in electron rich complexes such as 
the bis-indenyl nickel system 56 (20e) in which the metal is slipped by 0.42A towards 
71  coordination. This differs from the NiCp2 analogue in which the occupation of 
antibonding MOs leads to lengthening of all the M-C bonds 52 . 
A number of compounds containing formally ii bonded In and Cp moieties are 
also known, one example being (rj 5 -Cp)W(CO) 2(11 3-Cp) (figure 
Figure 1.8 
In the slipped conformation, Cp acts as a four rather than six electron donor (to the 
formally oxidised metal atom) thus leading to a stable 18 electron configuration at the 
metal centre. 
Finally, there are cases in which Cp is T' ligated. This particular bonding mode is 
adopted in (r 1 -Cp)Fe(CO)2(r 5-Cp)58 (shown in figure 1.9), one of the Cp ligands 
forming a 2e Fe-C a bond again resulting in an 18 electron configuration. 
Figure 1.9 
[Cp] and its derivatives can therefore be viewed as versatile ligands to transition 
10 
metals as demonstrated by their ability to adopt not only the extreme 71 5 , 
71 
 and ill 
bonding modes but also intermediate forms of ligation so that a variety of metal 
fragments can be accommodated. 
In the following pages, important features of structurally characterised Cp, C 5Me5 
(Cp*), In and C9Me7 (In*) complexes of particular relevance to this work are 
outlined. 
Rhodium Dicarbonyl Complexes 
LRh(CO)2 (L= Cp, Cp*,  In) can be prepared by the reaction of an alkali metal or 
thallium (I) salt, ML, with [(CO)2RhCI]259 ' 60. Alternatively, Cp*Rh(CO)2  can be 
synthesised by bubbling carbon monoxide through a solution of [Cp*RhC1 2]2 in the 
presence of zinc 61 . 
[Rh(CO)2C'12 +2 NaCp 
	
2 Rh(CO)2Cp +2 NaCl 
[cp*RhC12]2  +4 Co +2 Zn 	 > 2 Rh(0)2Cp* +2 ZnCl2 
The products undergo a variety of reactions including CO substitution, oxidative 
addition (which can be followed by migration of organic ligands to CO) and stepwise 
oligomerisation with successive loss of C0 62-61 .63 : 
Rh(CO)2Cp + PR3 
	 Rh(CO)(PR3)Cp + CO 




2 Rh(CO)2Cp + Me3NO_- NMe3 + CO2 + Rh2(CO)3Cp2 - 2CC) > Rh3(CO)3Cp3 
Only Cp*Rh(CO)260  and InRh(CO)264 have been structurally characterised (figure 
11 
1.10). Both complexes contain a C 5 ring that is ii bonded to the Rh(CO) 2 function 
so that the rhodium atom is formally 5-coordinate with an 18 e- configuration. The 
Rh(CO)2 plane is essentially perpendicular to the C 5 ring and approximately 
perpendicular to a mirror plane through the Cp*  or indenyl ligand. 
(2) 
C(6) C(5) U4) 
Figure 1.10 
 
Symmetric distortions away from five-fold symmetry are observed in the C 5 rings of 
both molecules. The C-C distances tend towards an allyl-ene type structure and 
folding (into an envelope conformation) occurs, which is more pronounced in 
InRh(CO)2. In the indenyl species, the metal atom is slipped considerably (by 0.22A) 
across the ligating C 5 face, towards 113  bonding, and this is reflected in the shorter 
metal-carbon bond lengths to C(1), C(2) and C(3) (2.215(9)A on average) compared 
with those to C(4) and C(9) (2.411(7)A on average). A far smaller slip parameter 
(0.044A) is observed in the Cp*  analogue, where the small differences in 
metal-carbon bond lengths can be attributed to ring folding. The two molecules 
exhibit very similar average M-C, C-C, M-C(0) and C-O distances. 
Rhodium and Palladium Cyclooctadiene Complexes 
CpRhcod65 (cod = 1,5-cyclooctadiene) was the first reported example of a rhodium 
complex containing only hydrocarbon ligands. It can be synthesised by the reaction of 
12 
[(cod)RhC1] 2 with NaCp or TICp: 
[(cod)RhC1}2 + T1Cp 	 > 2 (cod)RhCp + 2TICI 
The cationic species [(cod)PdCp] is prepared as the [BF 4] salt from (cod)PdC1 2 via 
a methoxycyclooctenyl intermediate: 
2 (cod)PdC12 + Na2CO3 +2 MeOH 	 > [(C8H12OMe)PdC1] 2 +2 NaCl + H20 + CO2 
[(C8H12OMe)PdC1] 2 +2 T1Cp 
	 2 (C8H12OMe)PdCp + 2 TIC! 
(C8H12OMe)PdCp + HBF4 	 ) [(cod)PdCp]BF4 + MeOH 
The most characteristic reactions of cod complexes are cod substitution, although this 
is rather more difficult to achieve than displacement of non-chelating alkenes, and 
nucleophilic attack at an alkenyl carbon by, for example, f3-diketonyls 67 '68 or 
alkoxides66 '69'70 (as shown above). 
Unfortunately no structural characterisations of [(cod)PdCp] or of (cod)RhCp or 
(cod)RhCp* exist, however some interesting observations have been made 
concerning localised bonding within the C 5 rings in substituted Cp and indenyl 
complexes. 
(cod)Rh(C5C15)71 (figure 1.11) contains a non-planar C 5 ring with two short C-C 
bonds. Ligation to the metal centre can be viewed as formally consisting of two 11 2 
and one T 1 bond, the carbon atom that is a bound being bent out of the plane of the 
13 
other four carbon atoms, towards the metal. 
Figure 1.11 
Localised allyl-ene type bonding is found for C5H4CO2Me72 as well as indenyl and 
heptamethyl indenyl complexes73 (figure 1.12). 
Figure 
The two indenyl compounds contain slipped metal atoms (A = 0.15 and 0.16A) and 
exhibit significantly shorter M-C bonds to the "allylic" carbons as was observed in 
(CO)2RhIn. The I Rh(cod)) coordination planes are perpendicular to the In and In* 
mirror planes. 
Of additional interest in alkene complexes is the rehybridisation (sp 2 to sp3) of the 
alkenyl carbons on coordination to the metal centre. This is reflected in a lengthening 
14 
of the C-C bond and a bending back of the carbon-bound substituents 74 . 
Allyl Palladium Complexes 
(Allyl)PdCp complexes can be synthesised by the reaction of NaCp with the 
appropriate [(i3-C3H4R)PdC1]2  dimer75 : 
[(C3H5)PdC1} 2 +2 NaCp 	 > 2 (C3H5)PdCp +2 NaCl 
Allyl complexes are significant intermediates in homogeneous catalysis of processes 
such as alkerie isomerisation and substitution 76. Nucleophilic attack of metal bound 
allyls generates alkenes and can be highly selective, depending on the exact 
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The crystallographically determined structure of the 18 electron molecule 
(C3H5)PdCp78 (figure 1.13) shows approximate C  symmetry, with a mirror plane 
passing through a Cp carbon, the palladium atom and the central allylic carbon. 
Figure 1.13 
15 
C-C bonds within the planar Cp ring are all in the range 1.393 - 1.41 IA, indicating 
that deviations from five-fold symmetry are minimal. The metal atom is barely 
slipped across the C5 face (E = 0.02A) and the terminal allyl carbons are 
symmetrically bound to the metal. The shortest M-C 1 bond is to the central carbon 
which is tilted away from the Cp plane such that t = 112.690 (c, defined in figure 
1.14, is the tilt angle, Pd-O-C(2) where 0 is the centre of mass of the allylic C 3 






Asymmetric substitution of the allyl ligand can lead to deviations from such a 
structure as a result of asymmetrically disposed electronic and steric influences. In 
( 3-1-syn-Ph-C3H4)PdCp8° (figure 1.15), the palladium atom is slipped by ca. 0.15A 
away from the shortest Cp C-C bond, thus tending, once again, towards a 16 electron 
conformation in which the 11 3  bound part of Cp is trans to the allyl ligand. 
16 
The allyl group itself is asymmetrically bonded to the metal, the M-C(1) bond being 
slightly longer than M-C(3) (C(1) bears the phenyl substituent) with a bowing angle, 





In addition, the phenyl ring is twisted out of the C 3 plane by 33.1 0 and the 
C(2)-C(1)-C hYl angle at 122.970 is marginally wider than the ideal (120 0). These 
distortions have been attributed to the unfavourable steric interaction that would 
occur between H(2) and the nearest phenylic hydrogen atom if the phenyl substituent 
was coplanar with the C 3 unit and the angle less wide (figure 1.17). 
Figure 1.17 
The loss of conjugation between the two it systems as a result of this twist is reflected 
17 
in the long C(')-CPhYl  bond. 
EHMO calculations indicated that twisting the phenyl substituent out of the C 3 
plane leads to modification of the it frontier MOs of the allyl fragment that would 
result in the observed lengthening of M-C(1) relative to M-C(3) and accompanying 
bowing81 . 
The molecule shows the usual allylic tilting (t = 110.860) with C(2) closest of the 
three allyl carbon atoms to the metal. 
Whilst the ester substituted complex (1-syn-Et0 2C-C3H4)PdCp82 has not been 
structurally characterised, other molecules containing this allyl moiety have 82. Of 
particular interest is the direction of bowing of the substituent-bearing allylic carbon 
atom, which, in contrast to that in (PhC 3H4)PdCp, is towards the metal. The results 
of a theoretical study have shown this to be electronically induced 81 . 
18 
Carbaboranes and Carbametallaboranes 
Carbaboranes are essentially derivatives of the boron hydrides in which (BH } 
vertices have been replaced by (CHI, adopting similar structures to the well-defined 
polyhedral borane clusters. Carbametallaboranes can also be regarded in this way (as 
borane derivatives), or alternatively as metal complexes incorporating carbaborane 
ligands. 
The compounds described in this work can all be viewed as derivatives of the 
closo-icosahedral molecule, 1,2-closo-C2B 10H12, hence the following discussion has 
been restricted to compounds of this type. 
It would be useful at this point to note the numbering schemes employed for 
clos083 and nido84 icosahedral dicarbaboranes (figure 1.18). 
Figure 1.18 
In the closo scheme, the two carbon atoms are at positions 1 and 2 and, in a 
carbametallaborane, the metal occupies vertex 3. In a nido-icosahedral species, the 
numbering begins opposite the open face. In the majority of compounds discussed, 
the two carbon atoms are at positions 7 and 8. 
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Synthesis 
The most common route to carbametallaboranes containing a nido-icosahedral 
fragment (7,8-R 2-7,8-nid6-C2B9H9 ) 2 is via synthesis of a suitable carbaborane 
ligand source followed by metallation. 
Ligand Synthesis 
The partially deprotonated species [7,8-R2-7,8-nido-C2B9H10] can be prepared by 
deboronation of the parent closo compounds l,2-R2-1,2-closo-C2B 10H1085 '86 . 
Reaction with a methanolic or ethanolic solution of KOH (containing the strongly 
basic MeO or Et0 ions) results in selective cage degradation, B(3) or B(6) (the 
atoms adjacent to both of the relatively electronegative cage carbons) being removed 
to yield an 11-vertex cluster with a C 2B3 face and facially bound end08789 H atom: 
H 
+ KOEt + 2 EtOH 	 - K [ 
	
+ B(OEt)3 + H2 
Metallation 
The monoanionic product can be reacted directly with some transition metal 
reagents. One example is the reaction of [C 2B9H12] with Rh(PPh3)3C1 which leads 
to the formation of a metal hydride complex via oxidative addition 8 : 
PPh3 	PPh3 
+ Rh(PPh3)3Cl 	 30 	 + KC1 + PPh3 
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Alternatively, the dianionic ligands [7,8-R2-7,8-nido-C2B9H9] 2  can be generated by 
deprotonation using a strong base (NaN, alkoxide) forming alkali metal salts which 
can be followed by reaction with Tl(CH 3CO2) to produce T12C2B9H9R290. 
Carbametallaboranes are most conveniently synthesised by the reaction of metal 
halides with the dianionic ligands 26'91 : 
2 Na2C2B9H11 + FeC12 	 > Na2[Fe(C2B9H11)2] +2 NaCl 
(cod)PtC12 + Na2C2B9H11 	 ) (cod)Pt(C2B9H11 ) + 2 NaCl 
Structure and Bonding 
Carbametallaboranes can be viewed either as transition metal complexes (and can 
thus be compared with Cp compounds) or as cluster compounds in which the metal, 
like the B and C atoms, occupies a polyhedral vertex. To illustrate these two 
descriptive methods, one of the first known carbametallaborane complexes, 
[CpFe(C2B9H11)] 92,  can be considered. 
EHMO calculations on the carbaborane ligand [C 2B9H11 ]2  have shown that, like 
[Cp], there are 5 frontier it MOs available for metal bonding which are localised at 
the C2B3 face93 . Whilst there is still a strongly bonding a 1 type orbital (now strictly 
a' since [C2B9H11]2 has only C symmetry), the degeneracy of the e 1 and e2 bonding 
and antibonding pairs has been lifted due to the heteroatomic nature of the open face 









These non-degenerate pairs are, however, still close in energy and exhibit similar 
nodal properties to the corresponding [Cp] orbitals. 
011101 
As a transition metal complex, the bonding in [CpFe(C 2B9H11 )] can be understood 
by consideration of the MO scheme, which will be qualitatively similar to that for 
ferrocene, but with loss of degeneracy. As for feffocene, the bonding and 
non-bonding orbitals are completely filled by the 12 electrons donated by the two 11 5 
ligands and 6 from Fe2 , thus affording a stable 18 electron configuration. 
Alternatively, the structure of [CpFe(C 2B9H11 1 can be rationalised by applying the 
polyhedral skeletal electron pair theory (PSEPT) 4 ' 9496. This method predicts the 
shape of an n-vertex cage according to the number of electrons involved in cluster 
bonding, the structures being described as derivatives of well-defined parent 
polyhedra. The compound is divided into its vertex fragments and the number of 
electrons available for cluster bonding from each fragment is determined. 
Summation of these together with contributions from endo-bound atoms and the 
overall cluster charge affords the total number of electrons occupying the MOs that 
are delocalised over the polyhedron. The geometry of the compound can then be 
defined by the number of skeletal electron pairs (SEPs) according to the following 
relationships: 
SEPs 	vacant vertices 	 terminology 
n+1 	 0 	 closo 
n+2 	 1 	 nido 
n+3 	 2 	 arachno 
n+4 	 3 	 hypho 
Main group elements such as B and C have four valence orbitals containing 3 and 4 
electrons respectively. In (BH) and {CH} fragments, one of these orbitals is directed 
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outwards from the cluster framework to form a bond with the exopolyhedral H atom, 
and one of the valence electrons is required for the resulting two centre, two electron 
interaction. (BH} and (CH) fragments therefore contribute 3 orbitals to generate 
polyhedral MOs and 2 and 3 electrons respectively for cluster bonding. 
The polyhedral electron count for [C 2B9H11 ] 2 is therefore: 
2{CH}@ 3=6e-
9(BH}@ 2=18e- 
2 negative charges = 2e- 
total = 26e- = 13 SEP5 
Since there are 11 vertices, there are n+2 SEPs corresponding to a nido cage 
geometry based on an icosahedron. 
For a transition metal fragment such as { CpFe }, the metal has 9 valence orbitals 
rather than four, six of which are either involved in exopolyhedral ligand bonding or 
are non-bonding, thus leaving three (like (BH) and {CH)) for cluster bonding. Since 
the 6 bonding and non-bonding MOs are usually filled, the number of electrons 
available from such a fragment is given by 
e = V + X - 12 
where v is the number of valence electrons of the neutral metal and x is the number of 
electrons donated by the exopolyhedral ligands (counted as neutral). The {FeCp} 
fragment is therefore isolobal 97 to (BH), contributing one electron and three orbitals 
(in a similar spacial arrangement) to cluster bonding. 
KII 
Applying the rules to the 12-vertex species [CpFe(C 2B9H11 )], the electron count is as 
follows: 
1 {CpFe} @ 8+5-12 = le- 
2{CH)@ 3=6e- 
9{BH)@ 2=18e- 
negative charge = le- 
total = 26e- = 13SEPs 
The ni-i SEPs for the twelve vertex system predict a closo-icosahedral structure. 
Slipped Carbametallaboranes 
One of the most frequently observed forms of structural deviation from a true 
closo-icosahedral geometry in compounds with an ( MC 2B9 ) framework is the 
slipping distortion; the displacement of the metal atom away from a central position 
above the C2B3 face towards the unique boron atom. This is found in a number of 
bis-cage systems as well as molecules incorporating {ML) and (ML 2 ) fragments and 
can be likened to the slipping in Cp complexes. 
[M(C2B9H1 1
)2P 
The structures adopted by the bis cage systems, [M(C 2B9H11 )2]", are dependent 
on the electron configuration of the formally oxidised metal centre 98. The MO 
schemes of such compounds are similar to that for fenocene, hence if seven or more 
d electrons are involved (i.e. more than eighteen valence electrons in total) 
antibonding orbitals are occupied and slipping occurs 99102 . 
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This is generally towards a transoid structure in which the metal to carbon bonds are 
the longest (figure 1.20)102: 
Figure 120 
ML2C2B9H11 
A number of examples exist of compounds of the general form 
3,3-L2-1,2-R2-3,1,2-closo-MC2B9H9 (M = late second or third row transition metal) 
in which slipping occurs 103409. Since this is usually accompanied by folding of the 
C2B3 face, the slip parameter, & (figure 1.21), is defined as the distance between 
the metal atom and the perpendicular passing through the centroid of the lower (more 
planar) B5 belt. 
Figure 121 
Slipping is normally towards the unique boron atom, B(8) (closo numbering), as a 
result of the frontier orbitals of the carbaborane ligand being localised predominantly 
on the facial borons. It can be viewed as a move towards a "borallylic" ii bonding 
mode, analagous to that observed in some Cp and (more frequently) indenyl 
complexes. The degree of slipping is controlled by the d-p valence gap of the metal 
ion11 ' 106, the it acceptor strength of the exopolyhedral ligands 93 ' 106' 107 and the 
electronic and steric influences of cage carbon substituents as well as the metal d 
configuration"°'. 
MLC2B9H11 
More extreme distortions are observed in complexes incorporating the third row 
d1° Au 2 (figure 1.22) and Hg21 11 metal centres. Their 6p, and 6p, orbitals are too 
high lying to interact with the cage frontier orbitals, leaving only an s/p r hybrid (thus 
resulting in isolobality with H) to form a pseudo a bond with the unique facial boron 
atom. The geometry adopted by these compounds is therefore essentially 
nido-icosahedral, with the (ML) fragment taking up an endo position at the C2B3 
face with linear coordination to the metal. 
Figure 122 
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Clusters Containing Monoanionic Carbaborane Ligands 
This thesis is concerned mainly with the synthesis and structural characterisation 
of complexes containing a monoanionic carbaborane ligand that can be viewed as a 
derivative of [C2B9H11 } 2 . In order to retain the nido-icosahedral geometry and hence 
the Cp analogy, the skeletal electron count of 26e- must not change. A reduction in 
charge by one electron, to generate the desired monoanionic nido-icosahedral species, 
must therefore be compensated by an increase, by one electron, in the contribution to 
cluster bonding from one of the boron or carbon vertices. This can theoretically be 
achieved by replacing an exopolyhedral H atom with a two electron donor 
substituent. In this way, both electrons of the two electron, two centre bond are 
provided by the exo-skeletal group, effectively freeing the third (or fourth) boron (or 
carbon) valence electron to participate in cluster bonding. The electron count for 





negative charge = le- 
total = 26e- = 13 (n+2) SEPs 
Two main approaches can be employed in the preparation of carbametallaboranes 
involving a boron bound, two electron, donor group. Either initial synthesis of an 
unsubstituted carbametallaborane is followed by structural modification, or a 
substituted carbaborane ligand is prepared then reacted with an appropriate metal 
fragment 
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Examples of the former approach include thermally induced ligand 











reduction by Lewis bases 113"4: 
NC5H5 
and reaction of a protonated carbametallaborane with dialkyl sulphides 27 : 
SR2 + [HFe(C2B9H11 )2] 
	
Fe(C2B9H11)(C2B9H10SR2) + H2 
These reactions are however rather specific, and could not easily be developed as 
general routes to a full range of the desired compounds. 
The preparation of protonated precursors to monoanionic nido-icosahedral ligands 
has been reported, in which the electron pair donor is CH 3CN"5, an amine42 ' 115 , 
ether115 ' 6 , thioether29 ' 115 '116 or phosphine34.117.  The most frequently used synthetic 
method involves the formal substitution of a boron-bound hydride by a neutral group 
such as NEt3 , py, thf, SEt2 or CH3CN via an FeCI 3 driven reaction between the 
potassium or [HNEt3] salt of [7,8-nido-C2B9H12} and the two electron donor group, 
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K[C2B9H12] + 2 FeCl3 + thf 	 -- C2B9H11 (thf) +2 FeC12 + HC1 + KC1 
Substitution always occurs at a facial boron atom; however, isomeric mixtures of the 
symmetric (10-L) and asymmetric (9-L) products may be formed, depending on the 
nature of the incoming group. 
The asymmetrically substituted ligand precursor, 9-SMe 2-7,8-nido-C2B9H11 
(carb'H, precursor to the ligand with which the major part of this thesis is concerned) 
can be most readily synthesised by the reaction of K[C 2B9H12} with dimethyl 
suiphoxide (dmso) in the presence of H 2S0429. Another route to 7,8-nido-C2B9H11L 
species involves cage degradation of C(l)- or B(9)-SH-substituted orthocarbaborane 
followed by reaction of the SH group with CH 3129. 9-PPh3-7,8-C2B9H11 can be 
prepared by the reaction of the dithallium salt, T1 2C2B9H11 , with PPh3 in the presence 
of AgBr' 17 . Carbaboranes of the general form L-7,9-nido-C 2B9H11 can be 
synthesised by the above methods from K[7,9-nido-C2B9H12] or by reductive 
addition of SMe2 or certain amines to 11 -vertex  closo-dicarbaboranes 29'42: 
c1oso-1,8-C2B 9H11 + NEt3 	 ) nido-10-NEt3-7,9-C2BH11 
The monoanionic ligands themselves can be generated by deprotonation of the 
precursors thus produced using a strong base such as KOH or NaH: 
C2B9H11L + KOH 	 - K[C2B9H10L] + H20 
C2B9H11L + NaR 	 - Na[C2B9H10L] + H2 
These alkali metal salts can be used directly for reactions with appropriate transition 
metal fragments. Alternatively, the thallium (I) salt, which is prepared by the 
reaction of the potassium salt with T102CCH340, can be used as the ligand source in 
such metallation processes. 
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Chemistry of the [9-SMe2-7,8-nido-C 2B9H 10] ([carb'])  Ligand 
The main body of this work concerns the synthesis and characterisation (by 
spectroscopic and structural methods) of rhodium and palladium complexes of the 
monoanionic ligand {9-SMe2-7,8-nido-C2B9H10} ([carb']).  Synthesis of the 
protonated precursor, carb'H, was first reported by Janousek and co-workers in 
1974116. This method involved dissolution of the dinido species, C4B 18H221 in 
dimethyl sulphide to produce carb'H as a minor reaction product (the major product 
being 10-SMe2-7,8-C2B9H11). An alternative synthetic route, from a more readily 
available starting material and by which only carb'H was isolated, was reported by 
the same authors in 197829.  It involves deboronation of 1,2-closo-C2B 10H12 by base 
degradation using KOH/EtOH followed by acid catalysed ligand substitution of H - by 
the neutral 2e- donor group SMe 2. 
Some ten years later, a crystallographic study 18 (figure 1.23) confirmed the 
position of the SMe2 substituent to be at B(9) as suggested by spectroscopic data. 
Figure 1.23 
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The pP-H atom was found to bridge the B(10)-B(l 1) connectivity asymmetrically with 
a shorter B(10)-p.H distance (by 0.185A on average for the two ciystallographically 
independent molecules) as a result of the greater net negative charge at B(10) 
compared to B(11), the latter being adjacent to a (relatively) electronegative carbon 
atom. 
Other points of interest were the pseudo tetrahedral geometry at the pendant 
sulphur atom and the conformation of the substituent about the B-S bond, the latter 
being such that the sulphur lone pair points towards the relatively protonic H atom 
bound to C(8). 
The synthetic route to AuPPh3(carb')38 (figure 1.24) exemplifies the method 
employed for future carb' complexes. Namely, carb'H was deprotonated by KOH to 
form K[carb'] followed by thallation (by reaction with 11(0 2CCH3)) to yield the 
insoluble ligand source, Tl[carb']. Reaction with AuPPh 3C1, driven by the strong 
halophiicity of Tl, affords the complex AuPPh 3(carb'): 
carb'H + KOH 	 > K[carb'] + H20 
K[carb'] + TICH3CO2 	 ) Tl[carb'] + KCH3CO2 
Tl[carb'] + Au(PPh3)Cl 	 > Au(PPh3)(carb') + T1C1 
This reaction sequence results in the isolobal replacement of the bridging H atom by a 
{ AuPPh3 ) fragment. 
EHMO calculations were used to show that H and (AuPPh 3 ) + both have a single 
unoccupied frontier orbital of appropriate energy and symmetry (2s and a 6s/6p 
hybrid respectively) to interact with the [carb'] HOMO. The AuPPh 3 group 
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therefore adopts a similar asymmetrically B(10)-B(1 1) bridging position to pP-H in 
carb'H, the cage maintaining its nido-icosahedral framework. 
Figure 124 
CuPPh3(carb')40 (figure 1.25), prepared by the reaction of Tl[carb'] with 
[PPh3 CuBr]4, however, exhibits a structure in which the (CuPPh 3 ) moiety is 
115-bonded to the carbaborane cage face to form a twelve vertex closo-icosahedral 
cluster. 
Figure 125 
The difference in the bonding mode of the (CuPPh 3 ) fragment compared with 
(AuPPh3 ) (and H) has been traced 40 to the lower lying 4p and 4p, acceptor 
orbitals of { CuPPh 3 ) + which, together with the 4s/4p  hybrid, interact with all three 
occupied it frontier MOs of [carb'], overall orbital overlap being maximised when 
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the copper atom takes up a central position over the cage face. Both the gold and 
copper complexes show SMe 2 torsions about the B-S bond similar to that in carb'H 
and also show slight depressions of the S atom, presumably due to steric crowding 
between the sulphur-bound methyl groups and metal-bound PPh 3 ligands. Moreover, 
they show structural similarities to the analogues AuPPh 3C5Ph4H and CuPPh3Cp in 
which the metal atoms are 1 1 and 71 5  bound to the C5 ring respectively. 
The close analogy between [carb'] and [Cp] is further demonstrated by 
comparative studies of Mn(CO) 3(carb') and Fe(carb') 2 with their Cp analogues. 
Mn(CO)3(carb')39  (figure 1.26) shows gross structural similarity to Mn(CO) 3Cp 
with the carb' and Cp ligands both exhibiting 11 5  ligation to the (Mn(CO) 3 ) group. 
Figure 126 
In particular, the C-O and Mn-C(0) distances are virtually identical in the two 
complexes. Slightly superior electron donor properties of [carb'] over [Cp] are 
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suggested by C-O stretching frequencies observed in i.r. spectra and, in addition, 
EHMO calculations indicate a greater net transfer of charge to (Mn(CO) 3 ) by Ca. 0.3 
e- in the carb' complex. Calculations also show that the extra 0.3e- donated by carb' 
is partially offset by a charge on the sulphur atom of +0.26e. This suggests that 
[carb'] shows a certain degree of electronic flexibility in that the charge donated to 
an incoming metal fragment is adaptable due to the pendant sulphur atom's ability to 
accommodate positive charge. 
The results of an electrochemical study on Fe(carb') 241 (figure 1.27) demonstrate 
very similar redox behaviour to ferrocene. 
Figure 127 
It undergoes a one electron iron-based oxidation at a potential only 10-20 mV higher 
than FeCp2, again indicating the similar net electronic properties of the [carb'] and 
[Cp] ligands. Fe(carb') 2 was also shown to undergo chemical oxidation by the mild 
agents Ag, C12 and FeC13, all of which produced red/brown species suggesting the 
presence of Fe(Ill). A by-product in the synthesis of Fe(carb') 21  
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Fe(carb')(C2B9H10SMe) was shown to react with [Me] to form the unusual 
cationic species, [Fe(carb') 2] which is readily reduced to Fe(carb') 2 . 
The only other reported complex involving the carb' ligand is 
Co(carb')(C2B9H11 )29 which has not been structurally characterised. 
These studies show strong electronic similarities between [Cpl - and [carb'] 
ligands, the latter being a slightly better electron donor due to the less electronegative 
(than carbon) boron atoms in its ligating face, leading to higher lying it frontier MOs. 
Increased electron donation can be stabilised by the presence of the pendant SMe 2 
group which is capable of accommodating positive charge. The [carb'] complexes 
also show structural similarities to their [Cp] - analogues (as do derivatives of the 
dianionic [C2B9H11 ] 2  ligand) as predicted by their comparable bonding abilities. 
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Diphenyl Substituted Heteroboranes 
The diphenyl carbaborane 1,2-Ph2-1,2-c10s0-C2B 10H10 was first reported in 
1963119 but was only structurally characterised in 1993120.  Its potential use as a 
ligand in the deboronated form, [7,8-Ph 2-7,8-nido-C2B9H9]2 , is of particular interest 
due to the steric demands of the two aryl substituents and the subsequent structural 
deformations that may occur in its transition metal derivatives. Indeed, recent studies 
have shown cases of vertex extrusion 121 , cage openingl2 l ,122,123  and even polyhedral 
rearrangements under mild conditions 124  
The parent species, Ph 2C2B 10H10 (figure 1.28), itself shows a relatively long cage 
C-C connectivity (of 1.727(6)A on average for the two crystallographically 
independent molecules) compared to CBH 1  ( 1.65A) 1 . 
Figure 128 
The two phenyl rings are essentially perpendicular to the plane containing the two 
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Ccage Cph y1 bonds. Twists away from perpendicularity (see later) are defined by 0, 
the average difference between 900  and the two torsion angles CCageCCeCC  for 
each ring. It was initially suggested that the long CcageCce  bond might be due to 
crowding between the two closely situated phenyl it systems, given their adopted 
conformations 123 . However, an electronic contribution to the long distance at low 0 
values has now been established by a series of EHMO studies on idealised models of 
C213 10H121 PhC2B 10H11 and Ph2C2B 10H10120. Reduced overlap populations for 
Ccage Ccage  interactions indicated that when 0 = 90 0 (i.e. phenyl rings are coplanar 
with the C-C bond) the bond strengthens successively as the number of phenyl 
substituents increases from 0 to 1 to 2. CgeCcage  bonding is however weakened on 
introduction of aromatic substituents at 0 = 0 0 (i.e. the crystallographically observed 
conformation in Ph2C2B 10H10). It is notable that CcageCphy1  bonds are also 
strongest at 0 = 900, suggesting that in this conformation conjugation between the 
cage and its aromatic substituents is maximised. 
Whilst PhC2B 10H11 adopts a conformation with a large 0 value, this is not possible 
for Ph2C2B 10H10 on steric grounds, as it would result in crowding between phenyl 
H(ortho) atoms. The long CcageCcage  bond can thus be attributed to the low 0 values 
for the two phenyl rings. 
The 	 pseudo 	 a-bonded 	 carbamercuraborane, 
7,8-Ph2-l0-endo-((PPh3)Hg)-7,8-nido-C2B9H9 131 , exhibits a far shorter cage C-C 
bond (1.58A) as a result of both the bonding interactions between the cage and 
(Hg(PPh3)) fragments, and the (conrotatory) twisting of the phenyl rings to Ca. 0 = 
300. The latter arises as a consequence of crowding with the metal bound PPh 3 
ligand. 
Far 	greater twisting distortions 	are observed in 	complexes 	containing 
exopolyhedral metal bound 	aromatic ligands. Structural 	studies 	on 
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A general scheme for the synthesis of these complexes from partially deprotonated 
nido-carbaboranes and Rh(PPh 3 )3C1 suggests that the exo-nido tautomer is formed 
initially, in which the metal is bound to the cage via two cis B-H-Rh two electron, 
three centre bonds. This is followed by reversible oxidative addition of the facially 
bound H atom, leading to the closo r 5-bonded RhIH species 129 : 
H 
PiTh3 J PPh 




N.m.r. studies 129 have shown that the closo/exo-nido equilibrium is affected by the 
identity of the carbon bound substituents R and R'. For example, if R = R' = Me or 
RR' = jt-(CH2C6H4CH2), both tautomers are observed in solution whereas if R = Ph, 
R' = Me or RR' = p.-(CH2)31  only the exo-nido species is observed. 
It seems that increasing the steric demands of the carbon substituents at the open 
cluster face can push the equilibrium towards formation of the exo-nido 
species 17,129,130.  Employment of the diphenyl substituted ligand, which has already 
been shown to have a substantial effect on cage geometries, may well produce a 
highly efficient catalyst due to a sterically induced preference for the formation of the 
exo-nido tautomer. 
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In 19748,  Hawthorne and co-workers reported that (PPh 3)2RhH(C2B9H11) (figure 
1.33 128) catalysed processes such as alkene isomerisation and hydrogenation 10' 1217 , 
hydrosilylation of ketones 8" 8 and deuterium exchange of terminal (BH} groups in 
boranes and heteroboranes 8 ' 9 . 
Figure 133 
More recently, it has been suggested that it is not these 18 electron, coordinatively 
saturated complexes but their exo-nido tautomers that are the catalyst precursors 16 . 
This is more in keeping with the usual 16 electron Rh 1 species that can readily 
undergo oxidative addition. 
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A 	further 	type 	of 	"deformation" 	is 	observed 	in 
exO 3 5,6,10{Ru(PPh3 )2C1)-7,8-1Th2 7,8uu1i0C2B9Hi0 (figure 1.32) in which the 
metal fragment is not bound at the C 2B3 face but symmetrically caps the 
B(5)-B(6)-B(10) face. 
Figure 1.32 
It is clear from the examples described above that ligation of 
[7,8-Ph2-7,8-nido-C2B9H9
]2 
 to transition metal fragments can indeed lead to a range 
of interesting structural deformations originating, on the whole, from the steric 
demands of the aromatic substituents at the C 2B3 face. 
Catalytically Active Carbarhodaboranes 
One potential application of the ligand may be in the synthesis of catalytically 
active carbarnetallaboranes. 
Eli 
Interestingly, polyhedral rearrangement to 3-(cod)-1,1 1-Ph 2-3,1,1 1-closo-PdC2B9H9 
occurs in toluene at only 55°C. The driving force is assumed to be steric in nature, 
given the somewhat strained structure of the 3,1,2- isomer, however the mechanism 
of rearrangement is not yet certain. It should also be noted that reaction of 
[7,8-Ph2-7,8-nido-C2B9H9]2  with the metal chlorides L2MC12 (M=Pd, L=PMe2Ph; 
M=Pt, L=phosphine or 1,5-cod) leads directly to the rearranged 3,1,11- species 
(figure 1.31), even at room temperature. 
Figure 131 
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These structures therefore seem to be tending towards hyper-closo geometries as 
exemplified by the compound PtW(CO) 2(PEt3)2(1 6-C2B 9H8(CH2C6H4Me)Me2) 126 
(figure 1.30) in which the carbaborane is 1 6 bound to the tungsten atom and electron 
counting affords the same number of skeletal electron pairs as there are vertices. 
Figure 130 
The structure of the I(cod)Pd) derivative of diphenylcarbaborane' 27 contains an 
extremely short cage C-C bond (1.52A) due to ring twisting (9 = 48 and 33 0) and the 
resulting increase in conjugation. The cod ligand is itself tilted away from the 
pendant phenyl substituents suggesting interligand crowding. The palladium atom is 
slipped across the C2B3  face, towards the unique boron and towards borallylic 
coordination. While slipping of this nature is often observed and has been attributed 
to the localisation of the cage frontier MOs on the facial boron atoms (see earlier), it 
is twice the size of the slip parameter in the unsubstituted analogue, 
(cod)Pd(C2B9H11 ) 109  and must therefore be affected by steric factors as well. 
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Cp*RhPh2C2B9H9122 	(figure 	1.29), 	(C6H6)RuPh2C2B9H9121 	and 
(p-cymene)RuPh2C2B9H9 121123 all show disrotatory twisting about the Cce Cph y1 
bonds such that 60 < 9 < 800. This results in repulsive interactions between the two 
phenyl ortho hydrogen atoms and forces the C-C connectivity to lengthen to an 
essentially non-bonding distance of around 2.5A. 
Figure 1.29 
This leads in turn to the B(6) atom (adjacent to both carbons) being drawn out of the 
lower belt, towards the metal. Whilst the M-B(6) distances in these compounds are 





Chapter 2 details the synthesis and spectroscopic and structural characterisation of 
three ML2 complexes of the monoanionic carbaborane ligand 
[9-SMe2-7,8-nido-C2B9H10] ([carb']),  where ML2 = [Rh(CO)2)'(compound 1), 
{Rh(i2,i 2-1,5-C8H12)) (2) or {Pd(1 2,12-1,5-C8H12)) 2 (4k). Also included is the 
synthesis of the neutral precursor to 4, 
3,3W (i,ri 1 -5OMe-C8H12)4-SMe2-3, 1 ,2-closo-PdC2B9H10 (3). All four compounds 
were prepared by methods based on synthetic routes to the corresponding known Cp 
or Cp*  analogues59'60' 65'66 . 
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3,3-(CO)2-4-SMe2-3,1,2-c/oso-RhC 2B9H 10, (CO)2Rh(carb'), (1) 
Synthesis 
(CO)2Rh(carb') was prepared by the reaction of [(CO) 2RhC1]2 with two 
equivalents of Tlcarb' in CH2Cl2. During the three hour reaction period, conversion 
of the starting material [(CO) 2RhC1]2 and formation of the product were conveniently 
monitored by recording i.r. spectra of the filtered reaction solution. Both rhodium 
compounds exhibit strong CO stretching bands, the precursor with Vm  at 2095 and 
2030 cm-1 and the product with vmax  at 2040 and 1990 cm -1 . In addition, the 
appearance of a characteristically broad BH stretching band centered at 2530 cm-1  
indicated the conversion of (insoluble) Tlcarb' to a soluble carbaborane-containing 
product. Work-up was delayed until the starting material had been entirely consumed 
despite gradual darkening of the reaction mixture. Thin layer chromatography (tic) 
on silica plates using CH202 as eluent, afforded a narrow yellow band (R f = 0.85), 
from which compound 1 was isolated in 52% yield, and an intense brown immobile 
band. It is possible that considerable product decomposition occurred during the 
three hour reaction period, resulting in the formation of the observed impurities and 
only moderate product yield. Although microanalysis figures for the dark yellow 
solid recovered were consistent with the expected formulation (C 6H16B902RhS), the 
product was further purified by crystallisation from CH 2C12/n-hexane. 
Characterisation 
The i.r. spectrum showed a characteristically strong, broad band centered at 2530 
cm-1 that was attributed to BH stretching modes 132. The two sharp CO stretching 
bands with vmax  at 2040 and 1990 cm - ' were typical of terminal metal-bound 
carbonyl ligands 133 , the number of bands being consistent with the predicted local 
C2 symmetry of the (Rh(CO) 2 ) moiety. 
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Both 'H and "B n.m.r. spectra were consistent with the proposed identity of 1. 
The 'H n.m.r. spectrum contained two sharp singlets at 6 2.94 and 2.52ppm, assigned 
to the protons of the two sulphur-bound methyl groups, and two broad (due to 
coupling to 11B) singlets at 6 3.07 and 2.81ppm, assigned to the two cage 
carbon-bound H atoms. The magnetic inequivalence of the methyl protons has 
previously been discussed for the ligand precursor carb'H 18. If B(4), S. C(1S) and 
C(2S) are coplanar, the methyl groups can only be inequivalent if rotation about the 
B(4)-S bond is restricted; however, quasi-tetrahedral geometry at the sulphur atom 
would render the two methyls inequivalent whether the SMe 2 group was static or 
rotating freely. Given the solid state configurations adopted by SMe 2 in previous 
carb' comp1exes 381 , the latter geometry seems most likely hence the extent of 
rotation is unknown. 
The 11B-('H) spectrum of 1 showed 6 signals with integral ratios 1:3:2:1:1:1 (high 
to low frequency), compatible with the expected asymmetric nature of 1 in which all 
nine boron atoms are unique. The resonances at 6 -9.43 and -14.38ppm, 
corresponding to 3 and 2 atoms respectively, can be regarded as representing 
inequivalent boron atoms with coincidental chemical shifts. The highest frequency 
signal (6 -6.02ppm) remained as a singlet on retention of proton coupling and was 
therefore attributed to B(4), the atom bearing the exopolyhedral SMe 2 substituent. All 
other signals were split into doublets in the 11B spectrum, with characteristic 134 BHexo 
coupling constants in the range 145 - 16111z. 
Structural Study on 1 
Introduction 
A single crystal diffraction study was carried out to confirm the identity of the 
product and to establish the preferred conformation adopted in compounds of the 




been drawn with related compounds ML2(C2B9H11 ) 103109  with the aim of 
investigating the structural effects of SMe2 substitution at the ligating cage face. 
Diffraction quality crystals were grown by slow diffusion of hexane into a 
concentrated methylene chloride solution of 3 at -30°C. 
Discussion 
Figure 2.1 shows a perspective view of (CO) 2Rh(carb') with the adopted labelling 
scheme. Cage H atoms have the same number as the boron or carbon to which they 
are bound. Table 2.1 gives selected interatomic distances and interbond angles and 
final atomic coordinates and thermal parameters can be found in chapter 5, section 2. 
Figure 2.1 
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Table 2.1 Selected Interatomic Distances (A) and Interbond Angles (°) in (CO) 2Rh(carb') 
Rh(3) - C(l) 2.221( 	3) 3(4) - 	B(9) 1.766(  
Rh(3) - 0(2) 2.337( 	3) B(5) - 	B(6) 1.777(  
Rh(3) - B(4) 2.255( 	3) B(5) - 	3(9) l.779( 4) 
Rh(3)- 3(7) 2.263( 	3) 3(5) -3(10) 1.775(  
Rh (3) - 3(8) 2.298( 	3) 3(6) -3(10) 1.767 (  
Rh(3)-C(10) 1.857( 	3) 3(6) -3(11) 1.756( 5) 
Rh(3)-C(20) 1.883( 	4) B(7) - 	3(8) 1.824(  
S 	-c (is) 1.782( 	4) B (7) -B (11) 1.809(  
S -C(2S) 1.799( 	4) 3(7) -B(12) 1.788 ( 5) 
S 	- B(4) i.897( 	3) B(8) - B(9) 1.807( 4) 
C(1) 	- C(2) 1.596( 	4) B(8) -B(12) 1.774( 4) 
C (1) 	- 3(4) 1.723( 	4) 3(9) -3(10) 1.770( 4) 
C(i) 	- B(5) 1.728( 	4) B(9) -3(12) 1.772( 4) 
C(1) 	- 3(6) 1.749( 	5) B (10) -B (11) 1.771( 5) 
C (2) 	- B(6) 1.690( 	5) 3(10)-B (12) 1.801 ( 5) 
C(2) 	- B(7) 1.700( 	5) B(11)-B(12) 1.778 ( 5) 
C (2) 	-3(11) 1.681( 	5) C (10)- 	0(1) 1.133( 4) 
B(4) 	- B(5) 1.777( 	4) C(20)- 	0(2) 1.125( 6) 
3(4) 	- 3(8) 1.756( 	4) 
0(1) -Rh(3) - 	C(2) 40.88(11) B(4) - B(5) - B(9) 59.55(16) 
C(i) -Rh(3) - 	3(4) 45.26(10) B(6) - 3(5) -B(10) 59.66(19) 
C (1) -Rh (3) -C(i0) 166.19 (13) B(9) - 3(5) -3(10) 59.73 (17) 
 -Rh(3) -C(20) 100.74 (14) C(1) - 3(6) - 	C(2) 55.26 (18) 
0(2) -Rh (3) - 3(7) 43.34(11) C(1) - B(6) - 3(5) 58.69 (18) 
 -Rh(3) -0(10) 125.32(13) 0(2) - 3(6) -B(11) 58.35(19) 
0(2) -Rh(3) -0(20) 122.35 (14) B(5) - 	3(6) -3(10) 60.10(19) 
3(4) -Rh(3) - 3(8) 45.37 (10) 3(10)- 	3(6) -B(11) 60.37 (19) 
B(4) -Rh(3) -C(10) 140.29(12) Rh(3) - B(7) - 	0(2) 70.68(16) 
3(4) -Rh(3) -0(20) 110.84 (14) Rh(3) - B(7) - 3(8) 67.46(14) 
B(7) -Rh(3) - 3(8) 47.14(11) 0(2) - 3(7) -3(11) 57.14 (19) 
B(7) -Rh(3) -C(i0) 94.59(13) 3(8) - 3(7) -B(12) 58.82(17) 
3(7) -Rh(3) -0(20) 162.43(15) B(11)- 3(7) -3(12) 59.25 (18) 
B(8) -Rh(3) -C(10) 101.45(12) Rh(3)- 3(8) - B(4) 66.02(12) 
3(8) -Rh (3) -C(20) 148.81(14) Rh(3)- 3(8) - 3(7) 65.40 (13) 
C (10) -Rh (3) -C (20) 88.42(16) 3(4) - 	3(8) - 	3(9) 59.38(15) 
C (iS)- 	S -C(2S) 100.52 (18) B(7) - B(8) -B(12) 59.57 (17) 
C (iS) - S - 3(4) 103.05(16) 3(9) - B(8) -3(12) 59.32 (17) 
C(2S) - 	S - 	3(4) 107.25(15) B(4) - 3(9) - B(5) 60.16(16) 
Rh(3) - C(1) - 	0(2) 73.46(16) B(4) - 	B(9) - 3(8) 58.88(15) 
Rh (3) - 0(1) - 	B(4) 68.41 (13) 3(5) - 	B(9) -3(10) 60.02(17) 
0(2) - 	C(1) - 	B(6) 60.49(19) B(8) - 	3(9) -3(12) 59.41 (17) 
3(4) - 	C(1) - 3(5) 61.97(17) B(10) -  3(9) -B(12) 61.14(18) 
3(5) - 	C(1) - 	3(6) 61.47(19) 3(5) -B(10) - 3(6) 60.24(19) 
Rh(3)- 	C(2) - 	C(1) 65.66(15) B(5) -3(10) - 	3(9) 60.25(17) 
Rh (3) - 0(2) - 3(7) 65.99 (15) B(6) -3(10) -3(11) 59.51 (19) 
0(1) - 	0(2) - 	3(6) 64.25(20) B(9) -3(10) -3(12) 59.51(17) 
3(6) - 	C(2) -3(11) 62.78 (20) B(11)-B(10) -3(12) 59.69(19) 
3(7) - 	C(2) -3(11) 64.70(20) 0(2) -3(11) - 	3(6) 58.87(20) 
Rh(3)- 3(4) - 	C(1) 66.34(13) 0(2) -3(11) - 	B(7) 58.16(19) 
Rh(3)- 3(4) - 	3(8) 68.61(13) 3(6) -3(11) -3(10) 60.12(19) 
S - 	3(4) - 	C(1) 117.58 (18) 3(7) -3(11) -3(12) 59.79(19) 
S - B (4) - 	B (5) 112.04 (17) -B (11) -B (12) 61.00(19) 
S - 	B (4) - B (8) 129.84 (18) -B (12) - 	B (8) 61.61 (17) 
S - 	B(4) - 	B(9) 122.57(18) B(7) 	-B(12) -B(11) 60.96(19) 
C (1) - 	B(4) - 	B (5) 59.18 (17) -B (12) - B (9) 61.27 (17) 
B(5) - 	B(4) - B(9) 60.29 (16) -B(12) -3(10) 59.35 (17) 
3(8) - 	B(4) - 	B(9) 61.74 (16) B(10)-B(12) -B (11) 59.31 (19) 
C (1) - 	B (5) - 	B (4) 58.85 (17) Rh (3) -C (10) - 	0(1) 178.8 ( 	 3) 
C (1) - B (5) - 	B (6) 59.84 (18) Rh (3) -C (20) - 	0(2) 178.1 ( 	 4) 
The most interesting structural features concern the orientation and lateral slip of the 
planar 1(CO) 2Rh } group with respect to the cage. It should be noted that although 
both the lower B5 and upper C2B3 belts are essentially planar, the former is more so 
(at B5 = O.044A, aCZB, = 0.072A) hence geometrical parameters have been measured 
in relation to the B 5 pentagon. The least squares planes through C 2B3 and B5 are 
virtually parallel with a dihedral angle of only 1.42 0 . 
Compound 1 can be viewed either as an 18 electron transition metal complex or as 
a heteroborane cluster with a 12 vertex RhC 2B9 framework. As a transition metal 
complex, the rhodium centre is formally 5 coordinate, with two monodentate CO 
ligands and an T15-carb'  ligand occupying three coordination sites. Alternatively, 1 
can be regarded as a closo-icosahedral heteroborane. This is borne out by the small 
lateral slip of the metal across the ligating C 2B3 face (0.078A with respect to the B 5 
centroid105) and is consistent with electron counting rules 94. The Rh-B bond lengths 
are similar, spanning the range 2.255(3) - 2.298(3)A; however the two Rh-C. age 
distances are significantly different at 2.221(3)A (Rh-C(1)) and 2.337(3)A (Rh-C(2)). 
This merely reflects the direction of the metal slip (away from C(2)) and the 
puckering of the C2B3 face which is folded so that C(2) is furthest displaced from the 
least squares plane, away from the metal atom. 
The orientation of the exopolyhedral SMe 2 cage ligand, that is the twist about the 
B(4)-S bond, is most readily measured by the S(lone pair)-S-B(4)-C(1) torsion, r. 
This is calculated as the average of C(2S)-S-B(4)-C(1) and C(1S)-S-B(4)-C(1) which 
are defined as positive and negative respectively, 't >0 denoting a twist in the 
t a = I(Y.y z?) where z1 is the displacement of the th atom from the least squares 




direction of C(2S) and t <0 a twist towards C(1 S) (figure 2.2). 
C(1) 
Figure 2.2 
In compound 1 t = -13.10°, comparable with the small torsions generally observed in 
derivatives of [carb'] (usually in the range 0° < t < 27° 38.40.118).  Small t values in 
[carb'] complexes and carb'H have previously been attributed to an attractive 
interaction between the relatively protonic atom H(l) and the sulphur lone pair. This 
idea is supported by the bending of S towards C(1) as demonstrated by comparison of 
the angles S-B(4)-C(1) (117.58(18) 0) and S-B(4)-B(8) (129.84(18) 0). The angle of 
inclination of the SMe2 group, measured for the B(4)-S vector with respect to the B 5 
plane is 22.170 , i.e. it is depressed by 4.401 from the preferred angle of 26.570. This 
is presumably due to a steric interaction between the upwardly pointing C(IS) methyl 
group and the nearest metal bound carbonyl, although the slightness of this 
depression combined with the small torsion angle imply a minimal degree of 
crowding between CO and SMe 2 ligands. 
Perhaps the most notable structural feature in 1 is the conformation of the rhodium 





This can be described by the dihedral angle a, of 49.850, measured between the plane 
defined by B(6), B(8) and B(lO), which approximately bisects C(1)-C(2), and the 
least squares plane through f Rh(CO)2 }. Positive a corresponds to a twist towards 
B(4) (figure 2.4). 
B(8) 




C(2) 	: 	C(1) 
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The orientation adopted by the Rh(CO) 2 unit is slightly unexpected given the 
conformations observed in MI-2 derivatives of the parent carbaborane ligand 
[7,8-nido-C2B9H 1 i]2 103409, ([carb]2 ). In the absence of overriding steric effects, 
such compounds tend to adopt solid state geometries in which the ML 2 plane is 
approximately parallel to C(1)-C(2) ((x = 90 0). This consistently observed 
conformational preference has been shown to be electronic in origin by consideration 
of the frontier MOs of the individual ML 2 and cage fragments 93 ' 105 . Similar methods 
have been used here to explain the structure of 1 and comparisons have been drawn 
with the related ML 2(carb) complexes to investigate the effects of SMe 2 substitution 
on the frontier MOs of the ligating C 213 3 face. 
For the purposes of this study, the frontier MOs of (carb) 93 ' 105 , ( carb') 40  and 
{Rh(CO)2} 60,135 have been redetermined by EHMO methods. The charged 
fragments {carb' } and (Rh(CO)2)-were chosen for easy comparison with the 
isoelectronic neutral species (carb) and (Pt(PH 3)2 ), respectively, which have been 
discussed before 93 ' 105 . The previously published arguments rationalising the 
observed structures in ML 2(carb) complexes are outlined below. 
The frontier MOs of [Rh(CO)2)-  shown in figure 2.5 are qualitatively equivalent 
to those of (Pt(PH 3)2 ) and were evaluated for an idealised model with C, symmetry, 
0-C-Rh = 1800, C-Rh-C = 88.500, Rh-C = 1.870A and C-0 = 1.129A (angles and 
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The rhodium d orbitals are split into 4 essentially non-bonding occupied MOs, of 
which the d, orbital (b 1 symmetry) is the most relevant to further bonding, and a 
higher lying metal-based dyz  hybrid (b2 symmetry). The latter is the highest 
occupied MO (HOMO) and is hybridised away from the carbonyl ligands, while the 
lowest unoccupied MO (LUMO) is a metal s-p a hybrid of a 1 symmetry, also directed 
away from the CO ligands. 
Figure 2.6 shows plan views of the frontier MOs of (carb) which were determined 
by an ENMO calculation on an idealised nido-icosahedral model in which B-B = B-C 
= C-C = 1.75A and B-H = C-H = 1.20A. Only those orbitals with substantial it 






capping vertex have been omitted in each representation. A closo numbering 
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C(2) 	C(1) 
	 Figure 2.6 
The LUMO (W3)  has a single nodal plane passing through B(8) and bisecting 
C(1)-C(2), and hence has the correct symmetry to act as an acceptor to either of the 
filled {Rh(CO)2 } - dyz7py and d, orbitals. Overlap with the former would lead to a 
conformation in which the MI-2  moiety was perpendicular to the nodal plane whereas 
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overlap with the latter would lead to a "parallel" conformation (figure 2.7). 
Figure 2.7 
The 	-p hybrid is capable of greater overlap than the d, orbital due to its 
additional p,, component and should therefore interact more effectively with the 
(carb) LUMO. Furthermore, there is a more favourable energy match between the 
hybrid and '913 . As a result, the electronically preferred conformation is one in which 
the ML2 fragment is perpendicular to the nodal plane of the carbaborane LUMO. 
Figure 2.8 shows plan views of the it frontier MOs of (carb' ). These were 
determined from the same idealised model as {carb) but with the appropriate 
exopolyhedral H atom (H(4)) replaced by SH2 (SMe2 was modelled by SH2 for 
computational expedience) with B-S = 1.88A and S-H = 1.42A. The S(lone 
pair)-S-B(4)-C(1) torsion was set at 0 0 and (unoccupied) sulphur d orbitals were 










The calculated frontier MOs of (carb' ) show a number of similarities to those of 
{ carb }. In particular, they are concentrated predominantly on the boron atoms 
(especially B(8)) and the HOMO and LUMO (V2  and 413) have the correct 
symmetries for effective pairwise overlap with the {Rh(CO) 2 ) d.fl-p and d, 
orbitals. Substitution of H(4) by SH 2 does however have two important effects on the 
frontier orbitals. Firstly, W2  and N3  are interchanged. This is predominantly due to 
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the stabilisation of the fcarb) LUMO on introduction of the SH 2 unit, by a substantial 
in phase (with the large lobe on B(4)) contribution from the sulphur atom. As a 
result, the energy of this orbital is lowered by about 0.4 eV to become the HOMO of 
(carb' ) and, in addition, the HOMO/LUMO gap is increased by Ca. 0.2 eV. 
Secondly, asymmetric substitution by SH 2 modifies the distribution of the frontier 
MOs over the C2B3  face to such an extent that the nodal planes of corresponding 
(carb) and {carb'} orbitals are effectively rotated through Ca. 36 0. Combination of 
these two effects results in a net rotation of both the LUMO and HOMO nodal planes 
by approximately 540 on going from ( carb) to (carb' ) + (figure 2.9). This may be a 
factor contributing to the conformation adopted by compound 1 differing from those 
observed in ML2(carb) complexes. 
(carb) LUMO 	 (carb')LUMO 
(carb) HOMO 	 (carb')HOMO 
Figure 2.9 
Using the arguments that were outlined above for [Rh(CO) 2(carb)], the electronically 
preferred conformation of the [Rh(CO) 2 ) fragment in 1 should be one in which it is 
perpendicular to the {carb' } LUMO nodal plane i.e. at a = 360. The observed angle 
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0.1  1 
a(°) 
(49.85 0) therefore implies that the conformation is influenced by steric as well as 
electronic factors. 
To elucidate further, a series of EHMO calculations was performed on an idealised 
model of compound 1 in which the conformational angle, a, was varied from +900  to 
900  in increments of 18 0. As well as electronic influences, these calculations take 
interligand steric effects into account. Although the rather less bulky SH 2 group was 
used in the model in place of SMe 21  these calculations are still useful in indicating 
conformations in which crowding may have an effect on stability. The theoretical 
model was made up from the (C 2BH10SH2 ) and (Rh(CO)2)  fragments already 
described, with the rhodium atom set directly above the B5 centroid and 1.75A above 
the C2B3  plane. The calculated relative stabilities of the rotomers are shown 
graphically in figure 2.10 with the crystallographically observed conformation 
arrowed. 
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Figure 2.10 
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The global minimum occurs at about a = 30 0, close to the value predicted by analysis 
of the fragment frontier orbitals. The position of the maximum corresponds to the 
conformation in which crowding between CO and SH 2 is at its most severe; it would 
of course be even greater were SMe 2 substituted for SH 2 as in 1. Since the 
conformation observed crystallographically deviates from the electronically preferred 
position towards one in which crowding is increased, it appears that intramolecular 
steric effects are not responsible for this deviation. The observed rotomer is, 
however, located within a broad, shallow trough and is barely destabilised relative to 
the global minimum. This may reflect the potential influence of packing forces on 
the overall molecular conformation, a further symptom of which is the short 
interatomic distance (of 2.43(4)A) between one of the carbonyl oxygen atoms (0(2)) 
and H(1) in an adjacent molecule (symmetry operation 0.5-x, 0.5+y,1-z). 
It therefore seems that the stereochemistry adopted by (CO) 2Rh(carb') in the 
crystal is determined predominantly by electronic factors (i.e. maximisation of the Rh 
d-p/(carb' ) LUMO overlap) but is also influenced by packing forces including an 
attractive interaction between 0(2) and H(1) in an adjacent molecule. 
A consequence of the (stabilising) dyz-p)1W3  overlap in both carb and carb' 
compounds is a four electron destabilising interaction between the filled metal d, 
orbital and the carbaborane HOMO, I'2•  Experimental results indicate that this is 
often alleviated in ML2(carb) complexes by slipping of the metal atom towards the 
unique facial boron B(8), which not only reduces the unfavourable interaction but 
also leads to increased d-pJjF3  overlap (since 1f3 is concentrated on the boron 
atoms) and favourable overlap of the metal s-p r LUMO with V2•  As noted 
previously, the Rh atom in 1 is barely slipped, with what movement there is being 
away from C(2). Inspection of the cage frontier MOs reveals that whilst the 
destabilising djf2  interaction would be reduced and the s-pj12 overlap increased 
by slipping, a reduction in the conformation-setting cIYZ-P),/if3  overlap might also be 
61 
incurred. Additional factors that may contribute to the unusually small slip parameter 
are the relatively small d-p valence orbital gap in Rh compared to Pt2 11,106  and the 
nature of the ligands in 1. Earlier studies have shown a good inverse correlation 
between ligand it acidity and slip parameter, 93,106,107•  The it acceptor orbitals of 
the exopolyhedral CO ligands are appropriately positioned (parallel to the metal xz 
plane) to interact with the metal d, orbital, depopulating the (d xz v2)* ABMO and 
thus affording an essentially closed icosahedral geometry in which distortions are 
minimised. 
A further point of interest is the disparity in the 	 bond lengths, 
Rh-C(20) being significantly longer (by 0.026(5)A) than Rh-C(10). This further 
demonstrates that the carb' it MOs are localised predominantly on the facial boron 
atoms thus leading to the greater trans influence of boron (trans to C(20)) over 
carbon (trans to C(lO )). 
Conclusions 
(CO)2Rh(carb') is the first example of an ML 2 derivative of the monoanionic 
carbaborane [9-SMe 2-7,8-nid6-C2B9H10]. The small (Rh(CO) 2 ) fragment was 
chosen specifically so that the molecular conformation might be influenced purely by 
electronic considerations with minimium stenc repulsions between the metal-bound 
exopolyhedral ligands and the pendant SMe 2 group. Whilst the strong it acidity of 
the CO ligands has contributed to the unusually small slip parameter of the metal 
atom, EHMO calculations have shown that the position adopted by the {Rh(CO) 2 } 
group with respect to the cage is in fact slightly destabilised with respect to the 
electronically preferred conformation. This has been traced to intermolecular 
interactions within the crystal. 
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3,3- (11 2,ri2- C8H 12)-4-SMe2-3,1,2-closo-RhC2B9H 10, (cod)Rh(carb'), 2 
Synthesis 
(cod)Rh(carb') was synthesised by the reaction of [(cod)RhC1] 2 with two 
equivalents of Tlcarb' in methylene chloride. The solution remained bright yellow 
throughout the 1 hr reaction period, after which time an i.r. spectrum indicated BH 
"solubalisation" and tic showed no unreacted starting material. Work-up involving tic 
on silica plates using a 3:2 CH2C12/hexane eluent mixture afforded a single, broad, 
yellow band (Rfm = 0.51) from which the product was isolated in 63% yield. 
Characterisation 
Microanalysis figures were in reasonable agreement with the proposed formulation 
(of C12H28B9RhS) and a solution i.r. spectrum showed absorption bands characteristic 
Of cod136 (V max at 2910, 2870 and 2830 cm -1 ) as well as a strong, broad band centred 
at 2540 cm - ' attributable to BH stretching modes. 
The 11 B-( 1H} n.m.r. spectrum showed 8 signals in the relative ratios 
1:1:1:2:1:1:1:1, fully consistent with the proposed asymmetric carbametallaborane 
structure. The peak at 8 -12.55ppm corresponds to two unique boron atoms by 
accidental coincidence and, once again, the highest frequency signal (at 8 -5.78ppm) 
can be assigned to B(4), the remainder showing coupling to exopolyhedral H atoms in 
the "B spectrum ('BH = 150 - 175Hz). It should be noted that the chemical shifts for 
boron atoms in 2 cover almost the same range as those in (CO) 2Rh(carb') (8 = -5.78 - 
-25.49ppm compared with 8 -6.02 - -25.19ppm). The reduction in it acidity of the 
metal-bound exopolyhedral ligands should lead to an increase in the negative charge 
associated with the cluster although the small changes in chemical shift observed in 
the 11B-{'H} n.m.r. spectrum imply that it is not localised on the boron atoms. The 
41 n.m.r. spectrum however, shows that the cage CH resonances are shifted 
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significantly from 5 3.07 and 2.81ppm to 5 2.52 and 1.92ppm on changing from 
(CO)2 to (cod), suggesting that the additional electron density may be localised on the 
exopolyhedral carb' atoms. SMe proton signals are in similar positions to those of 1, 
at 5 2.98 and 2.53ppm. In addition, the 'H n.m.r. spectrum exhibits complex 
multiplets attributable to the C 8H12  group, those centred at 5 4.40 and 4.20ppm 
representing alkenyl H atoms with those in the range S 2.57-2.04ppm due to 
methylenic H atoms. Due to the complexity of the Hd  signals, rapid rotation of the 
(Rh(cod)) group with respect to the cage could not be confirmed. The 13C-('H) 
(DEPT) spectrum however, clearly displays two CH doublets,, with coupling 
constants (to 103Rh) within the usual range 137 , centered at 5 78.31 ( 1 JRhC = 12.1Hz) 
and 77.33ppm ( 1JRhC = 11.1Hz). There are also two H 2 singlets at S = 34.61 and 
30.25ppm and two SMe signals at 5 28.96 and 25.97ppm. Each of the CH and CH 2 
signals arises from two equivalent carbon atoms, hence the spectrum is fully 
consistent with free rotation of the (Rh(cod)) fragment in solution at room 
temperature. 
Structural Study on 2 
Introduction 
Slow diffusion of hexane into a concentrated CH 2C12 solution of the product 
yielded plate-like (2a) and columnar (2b) yellow crystals, both of which were of 
diffraction quality. Unit cell dimensions and space groups were determined for both, 
confirming that 2a and 2b were different crystal forms of (cod)Rh(carb'), with 2a 
slightly better packed. A single crystal X-ray diffraction study was carried out on 2a 
to determine the molecular geometry of this product. 
Discussion 





Table 22 Selected Interatomic Distances (A) and Interbond Angles (°) in (cod)Rh(carb') 
C(1) 	- C(2) 1.628( 	4) 3(6) 	-3(10) 1.758( 4) 
C(1) 	-Rh(3) 2.1854(24) 3(6) 	-B(11) 1.748( 4) 
C(1) 	- 3(4) 1.704( 	4) B(7) 	- 	3(8) 1.838( 4) 
C(1) 	- B(5) 1.723( 	4) B(7) 	-3(11) 1.790( 4) 
C(1) 	- B(6) 1.743( 	4) B(7) 	-B(12) 1.773( 4) 
C(2) 	-Rh(3) 2.301( 	3) B(8) 	- 	B(9) 1.814( 4) 
C(2) 	- B(6) 1.701( 	4) B(8) 	-B(12) 1.792( 4) 
C(2) 	- B(7) 1.672( 	4) B(9) 	-3(10) 1.781( 4) 
C(2) 	-B(11) 1.686( 	4) B(9) 	-B(12) 1.778( 4) 
Rh(3)- B(4) 2.228( 	3) B(10)-B(11) 1.752( 4) 
Rh(3)- B(7) 2.273( 	3) B(10)-B(12) 1.790( 4) 
Rh(3)- 3(8) 2.252( 	3) B(11)-B(12) 1.766( 4) 
Rh(3) -C(11) 2.124( 	3) S 	-C(1S) 1.793(  
Rh(3)-C(12) 2.122( 	3) S -C(2S) 1.794(  
Rh(3) -C(15) 2.172( 	3) C(11) -C(12) 1.418( 4) 
Rh(3)-C(16) 2.172( 	3) C(11)-C(18) 1.525( 4) 
B(4) 	- B(5) 1.772( 	4) C(12)-C(13) 1.510( 4) 
B(4) 	- B(8) 1.776( 	4) C(13)-C(14) 1.523( 5) 
- 8(9) 1.753( 	4) C(14)-C(15) 1.522( 4) 
3(4) 	- S 1.899( 	3) C(15)-C(16) 1.401( 4) 
-  1.762( 	4) C(16)-C(17) 1.513( 4) 
8(5) 	- 3(9) 1.763( 	4) C(17)-C(18) 1.522( 4) 
B(5) 	-3(10) 1.772( 	4) 
C(2) - C(1) -Rh(3) 72.57 (13) B(9) 	- B(5) -B(10) 60.49(17) 
C(2) - 	C(1) - B(6) 60.50(16) C(1) 	- 	B(6) - C(2) 56.40(16) 
Rh(3) - C(1) - B(4) 68.60(12) - 	B(6) - 3(5) 58.89(16) 
3(4) - C(1) - 3(5) 62.27(16) - B(6) -B(11) 58.51(17) 
B(5) - 	C (1) - B(6) 61.10 (17) B(5) 	- 3(6) -B(10) 60.45(17) 
C(1) - C(2) -Rh(3) 64.97(12) B(10)- B(6) -3(11) 59.97(18) 
C(1) - 	C(2) - B(6) 63.11(17) C(2) 	- 	B(7) -Rh(3) 69.46(14) 
Rh(3) - C(2) - 3(7) 67.67(14) C(2) 	- B(7) -B(11) 58.17(17) 
3(6) - C(2) -B(11) 62.13(18) Rh(3)- B(7) - B(8) 65.43 (13) 
B(7) - 	C(2) -B(11) 64.42(18) 3(8) 	- 3(7) -B(12) 59.46(17) 
C(1) -Rh(3) - C(2) 42.45( 	9) B(11)- B(7) -B(12) 59.43(17) 
C(1) -Rh(3) - B(4) 45.43( 	9) Rh(3)- 3(8) - 3(4) 65.93(13) 
C(1) -Rh(3) -C(11) 157.91(10) Rh(3) - B(8) - 3(7) 66.63(13) 
C(1) -Rh(3) -C(12) 161.94(10) B(4) 	- B(8) - B(9) 58.46(16) 
C(1) -Rh(3) -C(15) 100.72 (10) B(7) 	- B(8) -3(12) 58.45(17) 
C(1) -Rh(3) -C(16) 94.91(10) 3(9) 	- 	B(8) -B(12) 59.08(17) 
C(2) -Rh(3) - 3(7) 42.87 (10) 3(4) 	- B(9) - B(5) 60.53 (16) 
C(2) -Rh(3) -C(11) 155.18(10) B(4) 	- B(9) - 	3(8) 59.67(16) 
C(2) -Rh(3) -C(12) 119.49(10) B(5) 	- B(9) -B(10) 59.99(17) 
C(2) -Rh(3) -C(15) 100.12(10) B(8) 	- B(9) -B(12) 59.82(17) 
C(2) ,-Rh(3) -C(16) 120.22(10) 3(10) - B(9) -B(12) 60.42 (17) 
B(4) -Rh(3) - B(8) 46.'70(10) B(5) 	-B(10) - 3(6) 59.90(17) 
B(4) -Rh(3)  114.44 (10) B(5) 	-3(10) - 	3(9) 59.52(17) 
B(4) -Rh(3)  142.60(10) B(6) 	-B(10) -3(11) 59.74 (18) 
BM -Rh(3) -C(15) 133.42(10) B(9) 	-B(10) -8(12) 59.72(17) 
BM -Rh(3) -C(16) 104.21 (10) B (11)-B (10) -B(12) 59.80(18) 
B(7) -Rh(3) - 3(8) 47.94(11) C(2) 	-3(11) - B(6) 59.36(17) 
B(7) -Rh(3) -C(11) 114.45(11) C(2) 	-B(11) - B(7) 57.41 (17) 
B (7) -Rh (3) -c (12) 90.59(11) B (6) 	-B (11) -B (10) 60.29(18) 
B (7) -Rh (3) -c (15) 129.04(11) B(7) 	-B(11) -B (12) 59.80(18) 
 -Rh (3) -c (16) 162.16(11) B(10)-B(11) -B (12) 61.19(18) 
 -Rh (3) -C (11) 93.79(11) B(7) 	-B (12) - 	 B (8) 62.09(17) 
B (8) -Rh (3) -C (12) 100.53(11) B(7) 	-B (12) -B (11) 60.76(18) 
B (8) -Rh (3) -C (15) 176.65(11) B (8) 	-B (12) - B (9) 61.10(17) 
B (8) -Rh (3) -C (16) 144.80(10) B(9) 	-B (12) -B (10) 59.86(17) 
C (11)-Rh (3) -C (12) 39.01(11) B(10)-B(12) -B (11) 59.01 (18) 
C(15) -Rh(3) -C(16) 37.63(10) B(4) 	- 	 S -C(1S) 103.35(13) 
C(1) - B(4) -Rh(3) 65.97(12) B(4) 	- 	 S -C(2S) 108.32(14) 
C (1) - B(4) - B (5) 59.39(15) C(1S)- S -C (2S) 99.59(15) 
C (1) - 	 B (4) - 	 S 118.93(17) Rh (3) -C (11) -C (12) 70.40(16) 
Rh (3) - B (4) - B (8) 67.37(13) Rh (3)-C (12) -C (11) 70.58(16) 
Rh(3)- B(4) - 	 S 109.01(12) C(11)-C (12) -C(13) 124.8( 	3) 
B(5) - 	 B(4) - B (9) 60.01(16) C(12)-C(13) -C (14) 113.4( 	3) 
B(5) - B(4) - 	 S 112.40(17) C(13)-C(14) -C (15) 111.8( 	3) 
B(8) - BM - B(9) 61.88(16) Rh (3) -C (15) -C(16) 71.19(16) 
 - B(4) - 	 S 129.37(18) C(14)-C(15) -C (16) 123.5( 	3) 
 - B(4) - 	 S 121.53 (18) Rh(3) -C (16) -C(15) 71.18(16) 
C(1) - B(5) - B(4) 58.35(15) C(15)-C(16) -C(17) 123.7( 	3) 
C(l) - B(5) - B (6) 60.01(16) C(16)-C(17) -C (18) 113.1( 	3) 
B(4) - B(5) - B(9) 59.47 (16) C(11)-C(18) -C(17) 112.43 (25) 
B(6) - B(5) -B(10) 59.65(17) 
labelling scheme. H atoms have been omitted for clarity in the plan view. Table 2.2 
lists selected interatomic distances and interbond angles whilst final atomic 
coordinates and thermal parameters are given in chapter 5, section 2. 
It is clear from figure 2.11 that the RhC 2B9 cluster adopts a closo-icosahedral 
structure. The chelating cod ligand, which takes up the usual boat conformation, acts 
as a four electron donor via the two alkene functions each of which occupies one 
coordination site. The Rh(cod) moiety can therefore be viewed as an Mi. 2 fragment 
in which L = 0.5C8H12 and the molecular structure of 2 can realistically be compared 
with that of 1. Once again, the metal atom is formally five coordinate and the C2B3 
and B5 rings are effectively planar (GC3 = 0.047A, GB5 = 0.032A) and parallel (8 = 
1.390). The MI-2 plane, defined by Z(1), Z(2) and Pd (where Z(1) and Z(2) are the 
midpoints of C(1 1)-C(12) and C(15)-C(16)) is approximately perpendicular to the 
two cage planes as was the case in 1, intersecting the B 5 belt at an angle of 88.90 0 . 
The marginally greater slip parameter of 0.092A can be attributed to the reduced it 
acidity of the cod ligand compared to (CO) 2. The conformation of compound 2, 
shown clearly in figure 2.12, differs from that adopted in (CO) 2Rh(carb') by about 





A series of EHMO calculations was nevertheless performed on a theoretical model of 
2 to determine the variation of molecular stability with a. The same (C 2B9H10SH2 ) 
model was used as for previous calculations. In the (Rh(cod)) fragment, which was 
modelled from the crystallographic structure, C 2,, symmetry was imposed and bond 
lengths were set as follows: Rh-Cd = 2.148, C=C = 1.410, =C-C- = 1.5 18, -C-C- = 
1.523 , C-H = 1.08A. Tetrahedral and trigonal geometries were assumed at CH 2 and 
H carbon atoms respectively and the rhodium atom was set 1.710A above the C 2B3 
plane, directly above the B 5 centroid. The resulting relative molecular energies are 
plotted against a in figure 2.13. 
Relative Energy (eV) 
-90.00 	-50.00 	-10.00 	30.00 	70.00 
Figure 2.13 
The global minimum lies close to that of the theoretical model of 1, at around 23 0 . 
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The observed orientation in 2 is in good agreement implying that the conformation is 
strongly influenced by the electronic factors described for 1 (i.e. maximisation of 
overlap of the rhodium d y-,-py hybrid with the {carb' ) LUMO). The energy profile 
also indicates the far greater importance of interligand crowding in this case, between 
alkenyl H atoms and the SH2 group, which is maximised at a = -24 0 and 900 . This 
leads to an increased rotational barrier (of 1.16 eV for the model compound) and, 
crucially, to a far deeper potential well which suggests that the preferred 
conformation (which is in fact adopted) in compound 2 is less likely to be influenced 
by (weak) packing forces. The S(lone pair)-S-B(4)-C(1) torsion of -21.150 and angle 
of inclination of SMe 2 of 20.750 (equivalent to a depression of 5.820) are greater than 
the torsion and depression observed in (CO) 2Rh(carb'), reflecting the greater 
repulsive interaction between the bulkier cod ligand and SMe 2 group. However, 
these values are still low, indicating that steric hindrance is limited. This is further 
demonstrated by the negligible tilting of the diene away from the cage substituent at 
C(15)-C(16), the least squares plane through Q11), C(12), C(15) and C(16) being 
virtually parallel to the C 2B3 and B5 planes (ö = 2.070 and 1.270 respectively). 
An important feature of alkenes is the loss of planarity incurred on coordination to 
transition metals74. This can be expressed by the dihedral angle between the two 
planes defined by each alkenyl carbon and its substituents, an angle of 180 0 
corresponding to planarity 138 (figure 2.14). 
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For the two cod alkene functions in compound 2, the dihedral angles between the 
planes of C(18), C(1 1), H(1 11) and C(13), C(12), H(121) and between those of C(14), 
C(15), H(151) and C(17), C(16), H(161) are 134 0 and 1440 respectively; distortions 
of 460 and 360 from planarity. Whilst these are not unusual values 138 , it should be 
noted that there is slightly less planarity at C(l l)-C(12) than at C(15)-C(16). A 
further manifestation of the greater sp 3 character in the C(l 1) and C(12) atoms is the 
marginally longer C-C bond (by 0.017(6)A) thus bearing testimony to the greater 
trans influence of boron (trans to C(15)-C(16)) over carbon (trans to C(1 1)-C(12)). 
This is more convincingly displayed in the Rh-C,d  bond lengths; on average 
Rh-C(15)/C(16) is longer than Rh-C(1 1)/C(12) by 0.049(6)A. As in compound 1, the 
C2133 ring is puckered with C(1) and B(7) the closest to Rh and C(2) the furthest, 
consistent with the suggested interactions between {ML 2 ) and {carb' )+ frontier 
MOs. 
Conclusions 
(cod)Rh(carb') is the first example of a truly organometallic heteroborane 
including the monoanionic carb' moiety. Its easy synthesis, good yield and 
reasonable thermodynamic stability suggest that organometallic heteroboranes may 
well be more accessible via monoanionic rather than dianionic carbaborane ligands. 
The solid state conformation adopted is electronically preferred. Whilst interligand 
crowding does not alter the position of greatest molecular stability, steric interactions 
between alkenyl H atoms and the SMe2 group do minimise the effects of packing 
forces. In most other respects, the structure of 2 resembles that of (CO) 2Rh(carb') 
although the lower it acidity of cod compared to (CO) 2 is reflected in the slight 
increase in metal slip parameter and, more convincingly, in the lower frequencies of 
cage CH signals in the 'H n.m.r. spectrum. 
Zsl 
3,3(12,1 L5..OMe..C 8H 12).4-SMe2-3,1,2-closo-PdC 2B9H 10, (C8H 12OMe)Pd(carb'), 
3 
Synthesis 
(C8H12OMe)Pd(carb') was prepared by the reaction of [(C 8H12OMe)PdC1]2 with 
two equivalents of Tlcarb' in acetone, a yellow solution of the product forming 
immediately from the two insoluble off-white starting materials. The yellow solid 
product, 3, was isolated in high purity and in high yield by filtration followed by 
evaporation in vacuo. Compound 3 is air sensitive at room temperature in solution 
but is stable as a solid or in solution below -30°C. 
Characterisation 
The microanalysis figures were in excellent agreement with the proposed 
formulation (of C 13H31B9OPdS). Due to the asymmetric nature of both the (carb') 
and (5-OMe-C8H12) ligands, the possibility of geometrical isomers arises for 
compound 3, differing in the relative position of substitution of the methoxy group to 
the cage. Figure 2.15 shows theoretical representations of these isomers. 
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The 'H n.m.r. spectrum recorded at -30°C clearly shows the presence of two 
compounds in approximately equal amounts. Two OMe proton signals are observed 
at 6 3.18 and 3.17ppm and four singlets pertaining to SMe protons occur at 6 2.95, 
2.83, 2.56 and 2.5 lppm. The generally poor resolution of the spectrum as a result of 
low compound solubility at -30°C made it difficult to identify the C 120Me and 
cage CH signals due to the second order nature of the former and coupling to boron in 
the latter. Whilst some structure is seen centered at about 6 4.4 and 4.2ppm, 
presumably corresponding to alkenyl H atoms, an unfortunately strong, broad acetone 
signal (6 2.06ppm) obscures a proportion of the broad cage CH singlets and 
remaining Cj 12OMe multiplets. Attempts to record spectra at room temperature 
yielded no further information on the "missing' peaks since the lengthy periods 
required to accumulate reasonably strong signals led only to compound 
decomposition. It was however shown that two isomers were still present in room 
temperature solutions. Greater success was achieved in recording 11B and "B-('H) 
spectra at room temperature (the spectrum at -30°C was badly resolved). Eight peaks 
are observed in the 11B-('H) spectrum in the relative ratios 3:3:2:3:2:1:2:2 again 
indicating the presence of two isomers in roughly equal amounts. The highest 
frequency signal, at 6 -9.17ppm, can be partially assigned to the two B(4) atoms, all 
other signals showing splitting in the range 1BHeXO  =130 - 171Hz on retention of 
proton coupling. Overall, although spectroscopic characterisation of compound 3 
remains incomplete, there is enough evidence to support the expected structure. In 
particular, the observation of two isomers in the n.m.r. spectra implies that the 
C8H12OMe ligand remains bound to the palladium atom in solution. 
Crystallographic Study of 3 
Compound 3 was crystallised by slow diffusion of hexane into an acetone solution 
at -30°C and the unit cell dimensions and space group were determined for the 
resulting golden blocks. However, intensity data were not recorded as solution of the 
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crystal structure was thought to be unnecessary for identification purposes given the 
successful synthesis of 4.BF4 from 3. 
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[3,3-( 2,7l2-C 8H 12)-4-SMe2-3,1-closo-PdC 2B9H ,Ø]BF4, [(cod)Pd(carb')]BF 4, 
4.BF4 
Synthesis 
[(cod)Pd(carb')]BF4  was prepared by electrophilic attack of the 
methoxycyclooctenyl substrate 3, by HBF 4. 4.BF4 can be synthesised from 
(cod)PdC12 without isolation of the precursor. Addition of one equivalent of 
HBF4.OEt2 to compound 3 in diethyl ether resulted in the instantaneous formation of 
an oily purple precipitate from the clear yellow solution. Following filtration and 
washing (with Et20), the product was still rather oily and was therefore dissolved in 
methylene chloride, filtered through a cotton wool plug and overlaid with hexane. 
After several days of storage at 300C,  diffraction quality dark pink crystalline plates 
had grown in 39% yield (based on (C 8H12OMe)Pd(carb')). 
Characterisation 
The i.r. spectrum showed two very broad bands with v. a,, at 2910-2830 cm -1 and 
1050-1010 cm characteristic of CH,d  and BF 139 respectively, and a BH stretching 
band centered at 2540 cm-1 . 
1H and "B n.m.r. spectra were also consistent with the proposed structure. The 
11B-('H) spectrum exhibits 8 signals in the relative ratios 1:1:2:1:2:1:1:1; those at ö 
1.02 and -5.13ppm remaining as singlets in the proton coupled spectrum with all 
others showing 'BH  values in the range 135-175Hz. The resonance at 8 1.02ppm 
was attributed to BF4 on account of its sharpness, and that at 8 -5.13ppm to B(4), 
broader due to boron coupling. No coupling to 19F was observed in the former signal, 
presumably as a result of fast fluorine exchange. The most interesting point 
concerning the 11B spectra is the conspicious shift of the cage signals to higher 
frequencies on comparison with the spectra obtained for 2 (NB. these were recorded 
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in different solvents). This shift, from -5.78 ~2! 6 2! -25.49ppm to 8.37 ~ 6 2t 
-19.88ppm, is evidently a result of the overall increase in positive charge incurred on 
changing from a neutral to a cationic species. The 'H spectrum gives some insight 
into the distribution of the "extra" charge. Whilst all signals are positioned at higher 
frequencies, the magnitude of changes in chemical shift decrease in the order CH ge 
- ciCOd > Cl2> CF!3 . In other words, more of the excess charge is localised on the 
H atoms in the second coordination sphere than on those further from the metal. 
The cage CH signals, identified by their characteristic broadness, were positioned 
at 6 4.60 and 4.55ppm and the two singlets at 6 3.02 and 2.69ppm were readily 
assigned to the methyl protons. The complex multiplets covering the ranges 6 
3.25-3.05ppm and 6 2.96-2.74ppm were attributed to the 8 methylenic cod H atoms 
and those at 6 6.32-6.23ppm and 6 6. 17-6.O6ppm clearly corresponded to the alkenyl 
cod CI atoms. The splitting patterns of the latter signals were not well enough 
resolved to determine whether each one represented two unique or two equivalent 
protons and hence whether or not ((cod)Pd) rotation was restricted. Although a 
spectrum was not recorded for 4.BF4, it would seem reasonable to assume fast 
rotation by comparison with compound 2. Crystallographic data for 2 and 4.1317 4 
shows that the least squares planes through the ligating cod carbons are almost the 
same height above the cage face, that in 4.BF 4 being marginally higher. This 
suggests that interligand steric hindrance to rotation may be reduced, a point that is 
reinforced by the results of EHMO calculations on theoretical models (see later). 
Structural Study on 4.BF4 
Introduction 
A crystal structure determination was carried out primarily to confirm the identity 
and solid state stereochemistry of the product. The results have confirmed it to be a 
rare example of a cationic organometallic heteroborane and have led to interesting 
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comparisons with compound 2. 
Discussion 
Figure 2.16 shows a perspective view of [(cod)Pd(carb')]BF 4  with the adopted 
labelling scheme and table 2.3 lists selected interatomic distances and interbond 










Table 23 Selected Interatomic Distances (A) and Interbond Angles (°) in 
[(cod)Pd(carb ')]BF4 
Pd (3) - C (1) 2.371( 	4) B (7) 	- 	B (8) 1.814 ( 6) 
Pd(3)- C(2) 2.434( 	4) B(7) 	-B(11) 1.821( 7) 
Pd(3) - B(4) 2.234( 	4) B(7) 	-B(12) 1.808( 6) 
Pd(3)- B(7) 2.181( 	4) B(8) 	- 	B(9) 1.792( 6) 
Pd (3) - B(8) 2.301( 	4) B (8) 	-B (12) 1.762( 6) 
Pd(3)-C(11) 2.198( 	4) B(9) 	-B(10) 1.763( 7) 
Pd(3)-C(12) 2.236( 	4) B(9) 	-B(12) 1.762( 7) 
Pd(3)-C(15) 2.263( 	4) B(10)-B(11) 1.780 ( 7) 
Pd(3) -C (16) 2.316( 	4) B(10)-B(12) 1.781( 7) 
C(1) 	- C(2) 1.515( 	5) B(11)-B(12) 1.789( 7) 
C(1) 	- B(4) 1.780( 	5) S 	-C(1S) 1.795( 4) 
C(1) 	- B(5) 1.681( 	5) S -C(2S) 1.784 ( 4) 
C(1) 	- B(6) 1.735( 	6) C(11)-C(12) 1.366( 6) 
C(2) 	- B(6) 1684( 	7) C(11)-C(18) 1.504( 6) 
C(2) 	- B(7) 1.763( 	6) C(12)-C(13) 1.524( 6) 
C(2) 	-B(11) 1.645( 	6) C(13)-C(14) 1.501( 6) 
B(4) 	- B(5) 1.784( 	6) C(14)-C(15) 1.490( 6) 
B(4) 	- B(8) 1.743( 	6) C(15)-C(16) 1.348( 5) 
B(4) 	- B (9) 1.774 ( 	 6) C (16) -C (17) 1.519( 5) 
B(4) 	- S 1.913( 	4) C(17)-C(18) 1.518( 6) 
-  1.755( 	7) B 	- F(1) 1.301( 7) 
B(5) 	- B(9) 1.780( 	6) B - F(2) 1.373( 6) 
B(5) 	-B(10) 1.788( 	7) B 	- F(3) 1.312( 7) 
B(6) 	-B (10) 1.749( 	7) B - F (4) 1.373( 7) 
B(6) 	-B(11) 1.759( 	7) 
C(1) -Pd(3) - C(2) 36.72(12) C(2) 	- B(6) -B(11) 57.0( 	3) 
C(1) -Pd(3) - B(4) 45.36(13) B(5) 	- B(6) -B(10) 61.4( 	3) 
C(1) -Pd(3) -C (11) 160.16(14) B(10)- B(6) -B(11) 61.0( 	3) 
C(1) -Pd(3) -C(12) 131.59(14) Pd(3) - B(7) - C(2) 75.39(20) 
C(1) -Pd(3) -C(15) 97.67(13) Pd(3)- B(7) - B(8) 69.65(20) 
C(1) -Pd(3) -C(16) 118.24(13) C(2) 	- 	B(7) -B (11) 54.63(24) 
C(2) -Pd(3) - B(7) 44.49(15) B(8) 	- 	B(7) -B(12) 58.24(24) 
C(2) -Pd(3) -C (11) 123.44(14) B(ll) - B(7) -B(12) 59.1( 	3) 
C(2) -Pd(3) -C(12) 101.85(14) Pd(3)- B(8) - B(4) 65.38(18) 
C (2) -Pd(3) -C(15) 116.95(14) Pd(3)- B(8) - B(7) 62.71(19) 
C (2) -Pd(3) -C (16) 148.83(13) B (4) 	- 	B (8) - B (9) 60.24(23) 
B(4) -Pd(3) - B(8) 45.16(14) B(7) 	- 	B(8) -B(12) 60.72(25) 
B(4) -Pd(3) -C(11) 142.95(14) B(9) 	- 	B(8) -B(12) 59.44(25) 
B(4) -Pd(3) -C(12) 170.40(14) B(4) 	- B(9) - B(5) 60.26(23) 
B(4) -Pd(3) -C(15) 109.43(14) B(4) 	- 	B(9) - B(8) 58.50(23) 
B (4) -Pd (3) -C (16) 103.43(13) B (5) 	- B (9) -B (10) 60.6( 	3) 
B(7) -Pd(3) - B(8) 47.63(16) B(8) 	- 	B(9) -B(12) 59.44(25) 
B(7) -Pd(3) -C(11) 91.97(16) B(10) - 	B(9) -B (12) 60.7( 	3) 
B(7) -Pd(3) -C(12) 93.99(16) B(5) 	-B(10) - B(6) 595( 	3) 
B (7) -Pd(3) -C (15) 158.99(15) B(5) 	-B(10) - B (9) 60.2( 	3) 
B(7) -Pd(3) -C(16) 166.27 (15) B(6) 	-B(10) -B(11) 59.8( 	3) 
 -Pd(3) -C (11) 101.65(15) -B (10) -B (12) 59.6( 	3) 
B(8) -Pd(3) -C(12) 127.62(15) B(11)-B(10) -B (12) 60.3( 	3) 
B (8) -Pd(3) -C (15) 148.99(15) C(2) 	-B(11) - B (6) 59.2( 	3) 
B(8) -Pd(3) -C(16) 122.91(14) C(2) 	-B(11) - B(7) 60.9( 	3) 
C(11) -Pd(3) -c (12) 35.88 (15) B(6) 	-B(11) -B (10) 59.2( 3) 
C(15) -Pd(3) -C(16) 34.22 (14) 3(7) 	-B(11) -3(12) 60.1( 3) 
Pd (3) - C(l) - 	C(2) 73.94(20) B(10)-B(11) -B (12) 59.9( 3) 
Pd(3)- C(1) - B(4) 63.27(16) B(7) 	-B(12) - 	B(8) 61.04(25) 
C(2) 	- C(1) - B(6) 62.0( 	3) 3(7) 	-B(12) -3(11) 60.8( 3) 
B(4) 	- C(1) - B(5) 61.99(22) 3(8) 	-B(12) - B(9) 61.1( 3) 
3(5) 	- C(l) - B(6) 61.8( 	3) B(9) 	-3(12) -B(10) 59.7( 3) 
Pd(3) - C(2) - 	C(1) 69.34(19) B(10)-B(12) -3(11) 59.8( 3) 
Pd (3)- C(2) - B(7) 60.12(18) B(4) 	- 	S -C (iS) 100.43(17) 
C(1) 	- C(2) - B(6) 65.4( 	3) 3(4) 	- 	 S -C(2S) 109.40(18) 
B(6) 	- C(2) -3(11) 63.7( 	3) C(1S)- S -C(2S) 100.46 (20) 
B(7) 	- C(2) -3(11) 64.5( 	3) Pd(3)-C(11) -C(12) 73.6( 3) 
Pd(3) - 3(4) - 	C(1) 71.37(17) C(12)-C(11) -C(18) 127.4( 4) 
Pd(3) - 3(4) - 3(8) 69.46(19) Pd(3)-C(12) -C(11) 70.55(25) 
Pd(3) - B(4) - 	 S 108.14 (17) C(11)-C(12) -C(13) 126.3( 4) 
C(i) 	- 3(4) - B(5) 56.26(21) C(12)-C(13) -C(14) 114.9( 4) 
C(1) 	- 3(4) - 	 S 120.11(23) C(13)-C(14) -C(15) 115.2( 4) 
3(5) 	- 3(4) - 3(9) 60.03(23) Pd(3)-C(15) -C(16) 75.02 (24) 
B(5) 	- B(4) - 	 S 111.89(23) C(14)-C(15) -C(16) 126.2( 4) 
B(8) 	- 3(4) - B(9) 61.26(23) Pd(3)-C(16) -C(15) 70.76(23) 
3(8) 	- B(4) - 	 S 126.87 (25) C(15)-C(16) -C(17) 124.4( 3) 
B(9) 	- B(4) - 	 S 119.16(24) C(16)-C(17) -C(18) 113.0( 3) 
C(1) 	- B(5) - 3(4) 61.74(22) C(11)-C(18) -C(17) 114.5( 3) 
C(1) 	- B(5) - B(6) 60.6(3) F(i) 	- 	 B - F(2) 110.3( 4) 
3(4) 	- B(5) - 3(9) 59.71(23) F(i) 	- 	 B - F(3) 114.3( 5) 
3(6) 	- 3(5) -3(10) 59.1( 	3) F(1) 	- 	 B - 	F(4) 108.2( 5) 
3(9) 	- 3(5) -3(10) 59.2( 	3) F(2) 	- 	 B - F(3) 109.4( 4) 
C(1) 	- B(6) - C(2) 52.56(23) F(2) 	- 	 B - F(4) 109.8( 4) 
C(1) 	- B(6) - 3(5) 57.58(25) F(3) 	- 	 B - 	F(4) 104.6( 5) 
Figure 2.16 shows the nearest BF4 anion, which is positioned closest to the cod 
ligand. This is perhaps not surprising given the more protonic nature of the cod H 
atoms compared to those that are cage boron bound. As for compounds 1 and 2, a 
c/oso-icosahedral architecture is taken up by the PdC 2B9 atoms; however the metal is 
slipped significantly further across the ligating face with L = 0.217A (compared to 
0.078A and 0.092A for 1 and 2). The ML2 plane, defined by Z(1), Pd(3) and Z(2) 
(where Z(1) and Z(2) are the midpoints of C(11)-C(12) and C(15)-C(16)) is, as 
observed previously, virtually orthogonal to the cage, with an ML2/B5 dihedral angle 
of 88.140. The B5 girdle is slightly more planar than C2B3, but both exhibit far 
greater deviations from planarity than in 1 and 2 with aB, = o.ioiA and cyc2B, = 
0.122A. The dihedral angle between the least squares planes is still small at 1.72 0 . 
Figure 2.17 presents a plan view of 4.BF 4 with the H atoms omitted for clarity, 
which clearly shows the position of the counter ion and the conformation of the 
{ (cod)Pd) fragment relative to the cage. 
Figure 2.17. 
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The most notable feature is that the position of the ML 2 plane differs from that 
observed in 2 (where the electronically preferred conformation was adopted) by about 
470 and is twisted towards the pendant SMe 2 group. 
EHMO calculations were performed, once again, on a theoretical model of 4. 
The same model was used as for 2 but with the rhodium atom replaced by palladium 
and set 1 .773A above the C2133 face. The cod ligand was lifted so that Pd-C 
distances were increased to 2.26A. The resulting plot of cation stability versus a 
(figure 2.18) bears a strong resemblance to that for (cod)Rh(carb'). 
Relative Energy (eV) 
0.1 
a(°) 
-90.00 	-50.00 	-10.00 	30.00 	70.00 
Figure 2.18 





crowding and the global minimum at Ca. 260 is close to the position of maximum 
overlap of the metal d yz  hybrid and the (carb') LUMO as calculated for 1 and 2. 
However, this conformation is not adopted, but rather one which would be 
substantially less stable if only intramolecular electronic and steric factors came into 
play. Whilst weak packing forces are unlikely to cause such a dramatic twist (due to 
the deepness of the well in which the minimum occurs), it is possible that electrostatic 
interactions both within and between ion pairs may play an important role in 
determining the overall stereochemistry of the cation. The short H...F distances 
observed crystallographically suggest that this could well be the case. Figure 2.19 
shows a 4 cation and surrounding BF4 anions with short inter-ion contacts (close to 
or less than 2.55A' 0, the sum of the van der Waals radii of H and F) marked. 
Distances and relevant angles are listed in table 2.4. 
Figure 2.19 
Table 2.4 Details of Inter-ion Contacts of Type A-B ... C-D in [(cod)Pd(carb')]BF 4 
Atom B Atom C B.. .C(A) A-B ... C(°) B.. .C—D(°) 
H(171) F(1) 2.59 141 121 
H(181) F(4) 2.66 145 94 
H(141) F(2') 2.29 147 118 
H(2) F(2') 2.54 142 99 
H(1) F(2'') 2.36 157 106 
F(2') refers to F(2) at 1.5-x, y-0.5, 0.5-z 
F(2") refers to F(2) at 0.5+x, 0.5-y, 0.5+z 
Of particular interest is the shortest inter-ion contact, between F(2') and one of the 
cod H atoms (H(141)). This must have a non-trivial effect on the conformation and 
appears to act in conjunction with the weaker interactions between H(171) and F(1) 
and H(181) and F(4) that occur within the ion pair. These forces cause the 
C(15)-C(16) alkene group to approach SMe 2 thus inducing the cod coordination plane 
to tilt in order to alleviate crowding. This is shown by the dihedral angles made with 
the cage B 5 and C2133 planes (of 6.640 and 7.070 respectively). The S(lone 
pair)-S-B(4)-C(l) torsion is unusually large at -38.38 0 and, in addition, the angle 
S-B(4)-B(8) is only 6.7 0 wider than S-B(4)-C(l) suggesting a significantly weaker 
S(lone pair) ... H(l) interaction. 
Whilst this is in part due to crowding resulting from the position of the cod ligand, 
the F(2")...H(l) interaction must also contribute to displacement of the S(lone 
pair) ... H(l) bond. Thus it is apparent that, in the crystal, electrostatic interactions 
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with adjacent BF4 anions are highly influential in deciding the conformation adopted 
by the cation in 4.BF4 . 
Planarity of the cod alkene functions was measured in the same way as for 
compound 2. Dihedral angles between the two planes of C(18), C(11), H(111) and 
C(13), C(12), H(121) and between those of C(14), C(15), H(151) and C(17), C(16), 
H(161) were found to be 156 0 and 161 0 respectively; deviations from planarity of 24 0 
and 190. The greater planarity of the C=C groups in 4.BF 4 compared with 2, also 
observed in the shorter C=C bond lengths (by 0.053(7)A, on average), reflects the 
reduced back-bonding capabilities of (formally) Pd 2 compared to Rh4 . The average 
C=C bond length in the related compound (cod)Pd(carb) is identical to that for 4.BF 4. 
Whilst the shortest Pd-C d distance (to C(1 1)) can be attributed to the lesser trans 
influence of carbon compared to boron, the overriding cause of the relative elongation 
of Pd-C(15) and Pd-C(16) must be the tilting of the C(1 1)C(12)C(15)C(16) plane, 
C(15) and C(16) being the atoms closest to SMe 2 and therefore tilted the furthest 
from Pd. The average metal-facial cage atom distance is almost equal to that in 
(cod)Pd(carb) but significantly longer than that in 2 (by 0.056(5)A). This is due to 
the higher formal oxidation state of the palladium atom which leads to reduced 
overlap with ligand orbitals in general. 
Both the C2B3 and B5 belts show considerable folding distortions. The former is 
folded such that C(1), B(4) and B(7) are closer to the metal, consistent with the 
observed conformation and resulting orbital overlap at the individual facial atoms. 
One of the largest discrepancies between the structures of 2 and 4.BF 4 is in the 
lateral slips of the metal atoms of 0.092A and 0.217A respectively. Notably, the 
latter is of the same order as that observed in (cod)Pd(carb) of 0.24A. The degree of 
slipping observed in d8 MI-2 carbaboranes of this type is dependent on the t acceptor 
strength of the exopolyhedral metal-bound ligands 93 ' 106"07 and on the size of the 
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metal d-p valence orbital gap 11,106 . In this case, it is clearly the latter that causes the 
difference in slip parameter from that in 2 and similarity to that in (cod)Pd(carb), the 
4d - 5p promotion energies in Pd2 and Rh being 3.05 and 1.6 eV respectively (free 
ion values) 141 . The main origin of slipping and folding is the four electron 
destabilising interaction of the filled metal d, orbital with the (carb' ) + HOMO (as 
described in the discussion of compound 1), the observed distortions increasing 
complex stability by reducing overlap. In compounds 1 and 2 the unoccupied metal 
PX  orbital has the correct symmetry and is low enough energetically to decrease the 
four electron antibonding interaction by d-p mixing which leads to the effective 
rehybridisation of the metal d,A2  electron density away from the cage. Mixing is 
somewhat reduced, hence the level of distortion increased, as the p, orbital becomes 
relatively higher lying i.e. as the d-p gap increases. The Pd 2 complexes therefore 
exhibit greater slipping (and folding) distortions than their Rh analogues. 
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Comparative Study of Atomic Charges in 2 and [4] 
Introduction 
In the past, it has been suggested that [carb'] might be an "electronically flexible" 
ligand39 since the sulphur atom is capable of losing electron density to the cage, 
effectively leading to an adaptable facial charge which can vary according to the 
requirements of an incoming metal fragment. 
Molecular orbital calculations on the neutral species (CO) 3Mn(carb') estimate that 
the sulphur atom carries a charge of +0.3eV. This implies a degree of flexibility and 
suggests that a further build up of positive charge might occur here in similar cationic 
complexes. It is indeed notable that all but one 142 of the previously reported cationic 
heteroboranes 27 '41 ' 42" 14' 143 contain a boron-bound function capable of 
accommodating the full positive charge. 
2 and 4 constitute a pair of analogous carbametallaboranes differing only in 
respect of the notional replacement of Rh by Pd 2t Since both have been structurally 
characterised, fully charge iterated EHMO calculations have been performed on the 
experimentally derived models to determine the net charges on all atoms. In this 
way, the distribution of the additional positive charge in 4 has been investigated with 
the aim of determining whether the heteroborane cage can truly be described as 
cationic, or if the additional charge is localised predominantly on the sulphur atom. 
Experimental 
The SMe2 groups were approximated by 5H2 with typical S-H bonds of 1.42A 
along the corresponding S-C vectors. The orthogonalised atomic coordinates that 
were used for the calculation and the resulting optimised H values are given in 
chapter 5, section 3. The resulting net atomic charges and calculated differences are 
presented in table 2.5. 
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Table 2.5 Comparison of Optimised Atomic Charges in 2 and 4 
Atom 2 4+ Difference 
M 0.221 0.294 0.073 
 -0.009 0.016 0.025 
 -0.026 -0.004 0.022 
 0.108 0.132 0.024 
 0.060 0.097 0.037 
 0.091 0.115 0.024 
 0.021 0.081 0.060 
 -0.009 0.006 0.015 
 0.013 0.041 0.028 
 0.021 0.049 0.028 
 0.052 0.097 0.045 
 -0.001 0.032 0.033 
 -0.009 0.007 0.016 
 -0.008 0.017 0.025 
 -0.078 -0.077 0.001 
 -0.073 -0.050 0.023 
 -0.102 -0.080 0.022 
 -0.107 -0.095 0.012 
 -0.097 -0.091 0.006 
 -0.091 -0.083 0.008 
 -0.085 -0.075 0.010 










































































The most apparent feature is that the additional positive charge is distributed over 
the entire molecule; it is not localised on the sulphur atom which shows an increase of 
only +0.012e. The largest single change, occuring at the metal atom, is only an 
increase of +0.073, approximately 7% of the total additional molecular charge. More 
notably, the twelve cluster vertices together accommodate an increase of +0.41e 
while a further +0.34e is localised on the "second sphere" atoms thereby supporting 
the description of the cage of 4 as cationic. 
These results also show the general trend of greater changes at atoms closer to the 
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metal. Accordingly, the average changes at the different types of carbon-bound 
proton decrease in the order Cii <Od = Cilcage > CU-2. This was predicted by the far 
greater shifts to higher frequency of the CH signals in the 1H n.m.r. spectrum of 4 
compared to that of 2. 
Conclusions 
[(cod)Pd(carb')] is a rare example of a cationic organometallic heteroborane. The 
crystallographically determined structure shows a conformation which is set primarily 
by intramolecular electronic factors and F. ..H interactions both within and between 
ion pairs. A combination of inter-ion contacts involving cod H atoms and H(l) leads 
to the large S(lone pair)-S-B(4)-C(l) torsion angle of -38.38 0 , indicating a weakening 
of the attractive S(lone pair)...H(l) interaction. The significantly greater slip 
parameter of the metal atom compared with those measured in 1 and 2 reflects the 
larger d-p gap of Pd2 over Rht The increased molecular charge in 4 compared to 2 
leads to considerable shifts to higher frequency of signals in the 'H n.m.r. spectrum, 
the order of magnitude of these shifts correlating well with the calculated increases in 
charge at the relevant H atoms. EHMO calculations suggest that there is no 
substantial build up of positive charge at the pendant sulphur atom in 4 but rather 
that the cage can be viewed as truly cationic, since 75% of the additional positive 
charge is distributed over the entire icosahedron and its second sphere atoms. 
83 
Conclusions for Chapter 2 
Compounds 1, 2 and 4.BF4 comprise a series of d 8 (ML2 } derivatives of the 
monoanionic carbaborane ligand [9-SMe 2-7,8-C2B9H10] - ([carb ']). They were 
synthesised by similar routes to their cyclopentadienide analogues; 4.BF4 via a 
{carb' } containing cyclooctenyl intermediate that has also been isolated (compound 
3). 
The crystallographically determined structure of 1 shows a molecular 
conformation that differs significantly from that adopted in the related compounds of 
the general form ML2C2B9H11 . This has been traced to changes in the nodal 
characteristics of the frontier MOs of the carbaborane ligand that occur on 
substitution of a facially bound H atom by an SMe2 group. 
In the case of compound 1, there is a slight deviation from the electronically 
preferred conformation as a result of packing interactions, notably between 0(2) and 
H(l) atoms in neighbouring molecules. The metal atom is positioned almost directly 
above the centroid of the lower B 5 belt. This lack of slipping (compared to that 
observed in ML2C2139H11 compounds) is due to the differences in the frontier MOs of 
carb' as well as to the small d-p valence gap of Rh and the strong it acidity of the 
CO ligands. Significant differences are observed in the Rh-C(0) and C-0 bond 
lengths, reflecting the different trans influences of boron and carbon. 
The 11B-{'H) n.m.r. spectrum of compound 2 covers a similar range to that of 1, 
despite the lower it acidity of cod compared to two CO ligands. The 1H n.m.r. 
spectrum does, however, contain cage CH signals at lower frequency chemical shifts. 
The reduced it acceptor nature of the exopolyhedral ligand in 2 is also reflected in the 
marginally larger metal slip parameter. 
EHM0 calculations indicate that the electronically preferred conformation is 
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adopted and that the effect of packing forces on the conformation is minimised as a 
result of intramolecular crowding. The substituents at the alkene functions are bent 
back, away from the metal, indicating a degree of orbital rehybridisation at the 
ligating carbon atoms from sp 2 towards sp3. The effect is more pronounced for the 
C(11)-C(12) group, consistent with the lesser trans influence of carbon (trans to 
C(1 l)-C(12)) compared to boron (trans to C(15)-C(16)). 
4 is a rare example of a cationic, organometallic heteroborane, analogous to 2. 
The crystallographically observed conformation differs from that predicted due to 
F ... H interactions both within and between ion pairs. The resultant interligand 
crowding and an electrostatic interaction between F(2") and H(1) act to weaken the 
usual S(lone pair)...H(1) interaction. This is manifested in the large S(lone pair) 
torsion relative to C(1) and the comparable C(1)-B(4)-S and B(8)-B(4)-S angles. The 
large metal slip parameter (compared to those in 1 and 2) reflects the larger d-p gap in 
Pd2 compared to Rh. 
The n.m.r. spectra of 4.BF4 exhibit signals at substantially higher frequency 
chemical shifts than those of 2 due to the greater molecular charge of 4t 
Comparative EHMO calculations on 2 and 4 indicate that the additional positive 




Chapter 3 details the synthesis and spectroscopic characterisation of a series 
palladium allyl complexes of carb', three of which have also been structurally 
characterised. They represent further examples of organometallic heteroboranes and 
can be compared to the compounds discussed in chapter 2 as they can be regarded as 
clusters containing pseudo {ML2 ) fragments. 
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3-(113 'C
3H5)-4-SMe2-3,1,2-closo-PdC 2B9Hlo, (C3H5)Pd(carb'), 5 
Synthesis 
Compound 5 was prepared by the addition of two equivalents of Tlcarb' to a 
yellow, frozen solution of [(113-C3H5)PdC1]2  in CH2C12. The colour changed to 
crimson as soon as the solution began to melt but the reactants were nevertheless 
allowed to warm to room temperature and were stirred for a further 30 minutes. An 
i.r. spectrum of the deep red solution recorded after this time indicated BH 
solublisation. The product was isolated as a red powder, by filtration followed by 
evaporation in vacuo, in 69% yield. Compound 5 is air sensitive at room 
temperature, decomposing over a period of several hours or within minutes in 
solution, but can be stored as a solid at -30°C for long periods. It was purified by 
crystallisation from CH2C12/n-hexane at -30°C. 
Characterisation 
Microanalysis 	figures 	were 	consistent 	with 	the 	formulation 
C7H21 B9PdS.0.07C6H141 the degree of hexane solvation being predicted from the 
results of a crystallographic study (see later). The i.r. spectrum showed a strong, 
broad band with Vmax  centered at 2530 cm - ' which was attributed to B-H stretching 
modes. 
The "B-{'H) n.m.r. spectrum shows seven signals with relative integral ratios 
1:1:1:1:1:2:2 (high to low frequency) covering the range ö 0.06 - -22.43ppm. The 
nine boron atoms are thus accounted for by a pattern of signals that is consistent with 
the expected asymmetric molecular structure of 5. By comparison of the proton 
coupled and decoupled spectra, the peak at 8 -15.79ppm was assigned to B(4), all 
other boron atoms exhibiting coupling to exoskeletal H atoms. 
A particularly useful method of characterising compounds containing the C 3H5 
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moiety is 'H n.m.r. spectroscopy, due to the distinctive coupling constants of allylic 
protons 1 "45 . If an 713-C31-15  structure is maintained in solution, terminal H atoms 
syn and anti to the central proton, H(32) (figure 3.1), can be distinguished by their 
three bond coupling constants (to H(32)) of ca. 6-7Hz and 10-1211z respectively. 
H(32) 
H(3 31s) 
H(33a) 	 H(31a) 
Figure 3.1 
Syn and anti protons are usually distinct; however, certain dynamic processes can lead 
to exchange. This is spectroscopically manifested as an averaging of both chemical 
shifts and coupling constants and is most frequently observed at high temperatures or 
in the presence of a nucleophiic solvent. 
Proton exchange can occur via a it-a-it mechanism (figure 3.2) whereby rotation 






Flipping of the C3H5 group, involving an intermediate in which only the terminal 






An additional feature of the (Pd(C 3H5)) group is that it has only C symmetry. 
Coordination of the asymmetric carb' ligand therefore results in all allylic protons 
becoming unique, even if rotation about the Pd-allyl axis is facile. This was not the 
case for compounds 1, 2 and 4 in which the (NE-2 ) fragments exhibited 
symmetry and hence averaging of C 2-related atoms was observed. 
The 1 H n.m.r. spectrum of compound 5 therefore shows an interesting pattern of 
signals, with two anti doublets centered at 6 3.45 and 3.01ppm (assigned by their 
coupling constants of 3H(a)H(32) = 11.75 and 11.84Hz) and two syn doublets of 
doublets centered at 6 4.29 and 4.23ppm (3H()H(32) = 6.64 and 6.28Hz). The fine 
couplings found for the syn resonances are identical (2.28Hz) and can therefore be 
attributed to four-bond syn-syn "W" coupling. Since no syn-anti splittings were 
observed (they are usually less than 1Hz) pairs of geminal protons could not be 
assigned. 
Although a sixteen line pattern (a doublet of doublets of doublets of doublets) 
would be predicted for the central allylic proton, only nine lines are observed in the 
corresponding signal centered at 6 5.37ppm. This is due to the small differences in 
the two 3H(a)H(32)  and 3H(s)H(32)  values (of 0.09 and 0.36Hz respectively) which 
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results in overlap of several lines to give a signal with peaks in the relative integral 
ratios 1:2:2:1:4:1:2:2:1. 
Also seen are the two SMe proton singlets at 8 2.65 and 2.35ppm and two broad 
cage CH signals at 8 2.84 and 2.45ppm, all at typical chemical shifts. 
The most important feature of the 1H n.m.r. spectrum is that the four syn and anti 
allylic protons are inequivalent. This is consistent with the expected molecular 
asymmetry and indicates that neither ic-a-ic rearrangements nor flipping of the C 3H5 
unit occur in room temperature solutions. The extent of allyl rotation about the 
Pd-allyl axis is however unknown since the spectrum is consistent with both freely 
rotating and static structures. A tentative assumption of free rotation can be made, 
since the theoreticaly calculated rotational barrier is low compared to that calculated 
for (cod)Rh(carb'), which did exhibit fast rotation at room temperature (see later). 
Structural Study on 5 
Introduction 
A single crystal X-ray diffraction study was carried out to confirm the identity of 
compound 5 and to determine its solid state molecular geometry, particularly the 
orientation of the 713-C3H5  ligand with respect to the cage. 
Diffraction quality crystals were grown by slow diffusion of n-hexane into a 
concentrated methylene chloride solution of 5 at -30°C. 
Following determination of the positions of all non-hydrogen atoms during 
solution of the crystal structure, a residual peak of reasonable intensity was observed 
in the difference Fourier map. Weak in comparison to those already assigned, its 
position suggested that it might be due to part of a highly disordered solvent 
molecule. As a single peak, only a single (non-hydrogen) atom type was represented 
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Figure 3.4 
and it was thus attributed to randomly oriented hexane molecules (as opposed to 
CH2C12) lying in cavities within the rhombohedral (Rbar3) crystal lattice. The• 
diagram below (figure 3.4) shows how the molecules pack into trigonal arrangements, 
thus forming channels parallel to the crystallographic c axis, in which the "extra" 
partial atoms are accommodated. 
During crystallisation, hexane molecules are occluded into the channels, but most 
drain out when the crystal is removed from the solvent mixture. Some, however, 
remain but are randomly dispersed and randomly oriented since they are not part of 
the crystal lattice. 
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The proportion of hexane molecules in the crystal was determined by treating the 
extra electron density as a partial carbon atom and applying an appropriate thermal 
parameter. The population parameter was allowed to refine freely to 0.42 at 
convergence thereby implying a hexane:(C3H5)Pd(carb') ratio of 0.07:1. 
Microanalysis figures were consistent with this formulation. 
Discussion 
Perspective and plan views of 5 are presented in figures 3.5 and 3.6 together with 
the adopted labelling scheme. Exopolyhedral cage H atoms are numbered according 
to the boron or carbon atom to which they are bound. Table 3.1 gives selected 
interatomic distances; interbond angles and final atomic coordinates and thermal 
parameters can be found in chapter 5, section 2. 
Compound 5 exhibits the usual closo-icosahedral carbametallaborane framework. 
The allylic ligand straddles the B(6)-B(8)-B(10) plane almost symmetrically and the 
Pd atom is slipped across the C 2B3 face towards B(8) by 0.397A (with respect to the 
B5 centroid), a considerably greater distortion than was observed in compound 1, 2 or 
4. 
The folding of the C2B3 face in conjunction with the slip distortion is characteristic 
of true MI-2 comp1exes93 ' 10109. As usual, the C 2B3 ring is less planar than the lower 
B5 belt ((Y3 = 0.089A, cyB, = 0.058A) and in this case is folded into an envelope 
conformation about the B(4)...B(7) vector such that the two carbon atoms and B(8) 
are displaced away from the metal. Despite B(8) being the furthest depressed of the 
five atoms, Pd-B(8), at 2.264(3)A, is the shortest metal to facial atom distance. The 
two PdC ge distances are significantly longer than the average Pd-B distance (by 
0.263(6)A). These distances merely reflect the considerable slipping of Pd towards 
B(8) which must be due in part to the frontier MOs of carb' being concentrated on the 
boron atoms. 
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rfqql 	0(32) 	0(31) 
Figure 3.5 
Figure 3.6 
Table 3.1 Selected Interatomic Distances (A) and Interbond Angles (°) in 
(C3H5)Pd(carb') 
C (1) - 	C (2) 1.528 ( 	 4) B (5) - 	B (6) 1.748 ( 4) 
C(l) - 	B(4) 1.684( 	4) B(5) - 	B(9) 1.791( 4) 
C(1) - B(S) 1.676( 	4) B(5) -B(10) 1.771( 4) 
C(1) - 	3(6) 1.714( 	4) B(6) -3(10) 1.767( 5) 
C(1) -Pd(3) 2.568( 	3) B(6) -B(11) 1.768( 5) 
C(2) -Pd(3) 2.515( 	3) 3(7) - 	B(8) 1.794( 4) 
C(2) - 	B(6) 1.725( 	4) 3(7) -3(11) 1.796( 4) 
C(2) - 	3(7) 1.710( 	4) 3(7) -B(12) 1.801( 4) 
C(2) -3(11) 1.671( 	4) B(8) - 	B(9) 1.777( 4) 
Pd(3) - 	B(4) 2.293( 	3) 3(8) -B(12) 1.764( 4) 
Pd(3) - 	B(7) 2.271( 	3) 3(9) -B(10) 1.779( 4) 
Pd(3) - 	B(8) 2.264( 	3) 3(9) -B(12) 1.768( 4) 
Pd(3) -C(31) 2.156( 	4) 3(10) -3(11) 1.795( 4) 
Pd(3) -C(32) 2.111( 	3) B(10) -3(12) 1.790( 4) 
Pd(3) -C(33) 2.137( 	4) 3(11) -3(12) 1.779( 4) 
3(4) - B(5) 1.798( 	4) S -C(1S) 1.797( 3) 
3(4) - 	B(8) 1.785( 	4) S -C(2S) 1.802( 3)' 
B(4) - 	B(9) 1.780( 	4) C(31) -C(32) 1.391( 5) 
3(4) - 	 S 1.901( 	3) C(32) -C(33) 1.400( 5) 
C(2) - 	C(1) - 	3(6) 63.96(18)  - 	B(6) - B(5) 57.88(17) 
3(4) - 	C(1) - 3(5) 64.72(17)  - 	3(6) -B(11) 57.14(17) 
3(5) - 	C(1) - 	3(6) 62.05(18) 3(5) - 3(6) -B(10) 60.54(18) 
C(1) - 	C(2) -Pd(3) 74.41(14) 3(10) - 	B(6) -3(11) 61.04(18) 
C(1) - 	C(2) - 	3(6) 63.28(18) C(2) - B(7) -Pd(3) 76.92(15) 
Pd(3) - 	C(2) - B(7) 61.60(13) C(2) - B(7) -3(11) 56.85(17) 
3(6) - 	C(2) -3(11) 62.72(18) Pd(3) - 	B(7) - 	3(8) 66.51(14) 
3(7) - 	C(2) -3(11) 64.17(18) B(8) - 	3(7) -3(12) 58.76(17) 
C(2) -Pd(3) - 	3(4) 65.65( 	9) 3(11) - 	B(7) -B(12) 59.27(17) 
C(2) -Pd(3) - 3(7) 41.48(10) Pd(3) - B(8) - B(4) 67.81 (13) 
C(2) -Pd(3)  147.39(12) Pd(3) - 	B(8) - B(7) 66.89(14) 
C(2) -Pd(3)  122.34(11) 3(4) - 	3(8) - 3(9) 59.97(17) 
C(2) -Pd(3)  114.25(11) B(7) - B(8) -3(12) 60.84(17) 
B(4) -Pd(3) - B(8) 46.10(10) B(9) - 3(8) -3(12) 59.92(17) 
B(4) -Pd(3) -C(31) 114.30(12) 3(4) - 	3(9) - B(5) 60.46(17) 
B(4) -Pd(3) -C(32) 143.93(11) B(4) - B(9) - 	B(8) 60.23 (17) 
BM -Pd(3) -C(33) 177.44(12) B(5) - 3(9) -B(10) 59.48(17) 
B(7) -Pd(3) - 	B(8) 46.60(11) B(8) - 3(9) -B(12) 59.67(17) 
3(7) -Pd(3) -C(31) 169.01(12) 3(10) - B(9) -B(12) 60.63(17) 
B(7) -Pd(3) -C(32) 137.43(12) B(5) -B(10) - 	3(6) 59.20 (18) 
B(7) -Pd(3) -C(33) 104.05(12) B(5) -3(10) - B(9) 60.60(17) 
B(8) -Pd(3) -C(31) 133.85 (12) 3(6) -B(10) -3(11) 59.51(18) 
B(8) -Pd(3) -C(32) 163.76 (12) B(9) -B(10) -B(12) 59.38(17) 
3(8) -Pd(3) -C(33) 131.35(12) B(11) -B(10) -3(12) 59.49(18) 
C(31) -Pd(3) -C(32) 38.04(13) C(2) -B(11) - 	B(6) 60.14(18) 
C(31) -Pd(3) -C(33) 67.28(13) C(2) -B(11) - B(7) 58.97(17) 
C(32) -Pd(3) -C(33) 38.49(13) 3(6) -B(11) -3(10) 59.45(18) 
C(1) - 	3(4) -Pd(3) 78.79(14) 3(7) -B(11) -3(12) 60.52(18) 
C(1) - 	3(4) - 	3(5) 57.42(16) B(10) -B(11) -B(12) 60.13 (18) 
C(1) - 	3(4) - 	 S 117.90(18) B(7) -3(12) - 	B(8) '60.41 (17) 
Pd (3) - 	3(4) - 	3(8) 66.10(13) B(7) -3(12) -3(11) 60.21(17) 
Pd (3) - 	B(4) - 	 S 107.50(13) 3(8) -3(12) - 3(9) 60.41(17) 
B (5) - 	B (4) - 	B (9) 60.09(17) B (9) -B (12) -B (10) 60.00(17) 
B (5) - 	B (4) - 	 S 108.88(17) B(10) -B (12) -B (11) 60.38(18) 
B (8) - 	B (4) - 	B (9) 59.80(17) B (4) - 	 S -c (iS) 102.50 (13) 
 - 	B (4) - 	 S 129.14(19) B (4) - 	 S -c (2S) 108.34 (13) 
 - 	B(4) - 	 S 118.30 (18) C(1S) - 	 S -C (2S) 98.39(14) 
0(1) - B (5) - 	B (4) 57.86(16) Pd (3) -c (31) -c (32) 69.24(20) 
C(1) - B(S) - 	B(6) 60.07(17) Pd (3) -C(32) -C(31) 72.72(20) 
B (4) - 	B(S) - 	B(9) 59.45(16) Pd (3) -C(32) -C(33) 71.76(20) 
B (6) - 	B (5) -B (10) 60.26(18) C (31) -C (32) -c (33) 116.8 ( 	 3) 
B (9) - 	B (5) -B (10) 59.92(17) Pd (3) -C (33) -C (32) 69.75(19) 
0(1) - 	B(6) - 	C(2) 52.76(16) 
Intrafacial connectivities show the expected trend of B-B > B-C> C-C. The two 
B-B bonds are very similar in length as are the two B-C bonds, which is not 
surprising given the position and resulting symmetrically disposed trans influence of 
the C3H5 group. 
The two cage five-membered rings are virtually parallel (c235 = 1.260) but 
dihedral angles made with the plane through the allylic C moiety (of about 200) 
show that the allyl ligand is tilted146 . 
Inspection of the vertical displacements of the allylic carbon atoms from the B5 
plane reveals not only that C(32) is further above the plane than the two terminii but 
also that C(31) is significantly further above C(33) (by 0.244A). These observations 
can be more meaningfully defined in terms of the tilting and bowing angles 79 , t and 0 
(figure 3.7). t is defined as the angle Pd-O-C(32) where 0 is the centre of gravity of 
the allyl C3 plane, and 3 is the angle between Pd-O and a vector parallel to 
C(31)...C(33) passing through 0: 






The value of t of 113.4 ° (i.e. a tilt of 23.4 0) is within the usual range for palladium 
allyl complexes 79. It should be noted that Pd-C(32) (2.111(3)A) is the shortest of the 
metal-C 11 distances despite the tilting away of C(32). 
The bowing angle of 84.1 0 indicates that Q31) hinges away from the B 5 plane by 
5.90, which together with the longer Pd-C(31) bond (compared to Pd-C(33)) can be 
explained by the proximity of C(31) to the cage-bound SMe 2 group and resultant 
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The allylic protons show varying degrees of angular deviation from coplanarity 
with the C3 unit due to rehybridisation of the carbon orbitals from sp 2 towards sp3 on 
complexation. The anti protons H(31a) and H(33a) deviate from the plane in a 
direction away from the metal by 27.5 and 34.20 respectively, while H(31s), H(33s) 
and H(32) bend towards the metal by 6.6, 12.2 and 10.50. The greater distortions at 
C(33) than at C(31) are a consequence of the shorter Pd-C(33) bond. The greater sp 3 
character of the C(33) hybrid orbitals is also reflected in the ally! C-C bonds, 
C(32)-C(33) being longer (although not significantly so) than C(31)-C(32). 
The B(4)-bound SMe2 group adopts a C(1)-B(4)-S-S(lone pair) torsion of -23.20° 
and an angle of elevation of 19.740, both within the usual ranges. Interligand 
crowding thus seems to be alleviated by a combination of allylic bowing and SMe 2 
depression. The small torsion and the angles B(8)-B(4)-S and C(1)-B(4)-S 
(129.14(19) and 117.90(18) 0 respectively) indicate that the S(lone pair) ... H(1) 
interaction remains intact. 
The most interesting feature of compound 5 is the conformation of the ( Pd(C3H5)) 
fragment with respect to the cage. Since (C 3H5)- is a four electron donor ligand 
occupying two coordination sites, (Pd(C 3H5)) could be regarded as a pseudo {ML2 } 
fragment. It might therefore be expected to exhibit similar bonding characteristics to 
{Rh(CO)2 } and (M(cod)) (M = Rh, Pd) and hence adopt a conformation in which a 
360. The pseudo Mi.2 plane for (Pd(C3H5)) (figure 3.8) can be defined as passing 
through Pd and 0, perpendicular to the Pd-O-C(32) plane, where 0 is the centre of 
gravity of the allylic carbon atoms. 
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As {Pd(C3H5)) does not exhibit C2, symmetry, there are two possible orientations for 
each value of a. The position at a = 0 and the direction of (x are defined below in 
figure 3.9. 
SMe2 
Figure 3.9  
C(2) ' 	C(1) 
a=0° 
The conformations corresponding to maximum overlap of the (carb' ) LUMO and 
metal fragment HOMO as calculated for the compounds described in chapter 2 are 
therefore a = 36 and -144 0 (figure 3.10): 
a=36° a=-144° 
Figure 3.10 
The conformation of 5 therefore deviates considerably from that expected since a = 
96.01 0. Bearing in mind the slip towards B(8) and resultant "borallylic' bonding, 
trans to the allyl ligand, the observed structure is somewhat similar to that of 
trans-(C3H5)2Pd. This unexpected conformation may well be a result of stenc forces, 
but could also be due to differences in the frontier MOs and subsequently altered 
bonding capabilities of (Pd(C 3H5)) compared to a true (ML2 ) fragment. An EHMO 
calculation was therefore performed on an idealised model of (Pd(C 3H5)) to detect 
any differences in the relevant MOs. 
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C symmetry was imposed on the model and bond lengths and angles were set at 
C-C = 1.395, Pd-C(32) = 2.111, Pd-C(31) = Pd-C(33) = 2.149A, C(31)-C(32)-C(33) 
= 120.060 resulting in a tilt angle, 'r, of 115.86 0. Allylic H atoms were set in the C 3 
plane with C-H = 1.08A. The resulting frontier orbitals are sketched in figure 3.11 
together with those of (Rh(CO)2)-  for easy comparison. 
Figure 3.11 
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The most interesting feature is that, on moving from the (Rh(CO)2)-to (Pd(allyl)} 
fragment, the d2  and d orbitals mix to form the two hybrids shown, one of which 
(dz2d,Az) has been lifted out of the d orbital manifold so that the HOMO-2nd HOMO 
gap is only 1.62 eV (compared to 2.68 eV in (Rh(CO) 2 )). In addition, the HOMO, 
which was previously a pure metal dy,,-py hybrid, is now delocalised over the two 
terminal allylic carbon atoms (35% on each) with only 28% metal character. This 
implies that any interactions involving this orbital will be weakened. The 
hybrid however, is a pure metal orbital. 
The decreased localisation of the HOMO on the metal atom, combined with the 
existence of an energetically closer 2nd HOMO, leads to a reduced preference for a 
conformation set by the position of maximum overlap (ca. 36 or - 144°) of the 
{Pd(C3H5)) - HOMO and (carb' ) LUMO. Indeed, maximum overlap of the (carb' ) 
LUMO and the (Pd(C3H5) I - orbital instead, would occur at an orientation 
between a = 126 and 900 (figure 3.12) as is observed crystallographically. 
+ 	2r 
Figure 3.12 
A series of calculations was therefore performed on a model of (C 3H5)Pd(carb') to 
determine whether the electronic conformational preferences of 5 differed from those 
of the true MI-2 compounds. The palladium atom was set 1.874A above the C2133 




relative energy (eV) 
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Figure 3.13 
The most notable feature of the curve is its periodic nature. Its symmetry indicates 
that the stabilities of the model rotamers are governed by the position of the ML 2 
plane, since each position is shared by two C2-related conformers. 
The low barrier to interconversion between the two minima (0.55 eV) suggests that 
the room temperature n.m.r. spectra represent free allyl rotation. 
The predicted lowest energy conformations are those in which a = 36 and -144 0 , 
the global minimum occurring at the former position due to greater interligand 
crowding at a = -144°. 
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The results of these calculations are therefore similar to those for the compounds 
described in chapter 2, suggesting that the most favourable orientation of the 
{Pd(allyl)) fragment should be one in which overlap of the (carb' } LUMO with the 
metal dy,-py  HOMO is maximised. This is clearly not consistent with the 
crystallographically observed conformation in which a = 96.01 0 (arrowed in figure 
3.13). 
The usual factors that lead to discrepancies in the predicted and observed 
conformations are interligand crowding, packing forces and intramolecular structural 
features that have not been taken into account in the calculations. 
In twisting from a conformation where a = 36 0 to a = 96.01 0 , interligand crowding 
between the substituents at C(31) and the SMe 2 unit must be increased. The 
structural study does indeed show bowing of the allyl ligand away from the cage face 
at C(31) and depression of the SMe 2 group. In addition, the calculations suggest that 
in the adopted conformation, the molecule is approximately 0.25 eV less stable than if 
a = 360, which implies that packing forces (usually within the range 0.05-0.16 eV) 
are also unlikely to be the cause of the discrepancy. What has not been taken into 
account in the calculations, is slipping of the (Pd(allyl)) fragment across the C 2B3 
face (in all models A was set at OA with respect to the B 5 and C2B3 centroids), which 
may well be of significance given the large metal slip parameter (0.397A) that is 
observed crystallographically. When slipping occurs in compounds of the general 
form M1-2(C2B9H11 ), the cage LUMO/(ML2 ) HOMO interaction is maximised and 
the destabilising cage HOMO/{ML 2 ) second HOMO overlap is reduced. In 
compound 5, the observed slip towards B(8) would not improve the (carb' ) 
LUMO/(Pd(C3H5)} HOMO interaction and would lead to increased interligand 
crowding. However, overlap of the ( carb' ) + LUMO and the (Pd(allyl) ) - second 
HOMO (d,2-d,) would certainly be increased. 
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A series of EHMO calculations was therefore performed on models in which a = 
900 and the (Pd(C3H5)) moiety was slipped towards B(8) in increments of 0.1A so 
that the metal slip parameter, A, was varied from 0 to lÀ. The results are shown in 
figure 3.14, together with those for which a was varied at A = OA. 
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It is clear from the above graph that a conformation where a = 900 would be 
substantially stabilised by slipping towards B(8). It therefore seems that the 
dominating interaction is that between the f carb' } + LUMO and (Pd(C 3H5) } - 
hybrid due mainly to its pure metal character compared with the only 28% metal 
character of the (Pd(C 3H5)) - HOMO. 
OR 
Conclusions 
(C3H5)Pd(carb') is a further example of an organometallic heteroborane. Its 'H 
n.m.r. spectrum shows that neither it-cs-ic type allyl rearrangements nor flipping occur 
in room temperature solutions. The frontier MOs of f Pd(C3H5) } differ from those of 
the true (ML2 } fragments involved in compounds 1, 2 and 4. Specifically, the d yz  
HOMO is only 28% metal based and the high lying 2nd HOMO is a pure metal d-d. 
hybrid. This results in a conformation and metal slip parameter in which interaction 
between the (Pd(allyl)) second HOMO and {carb') LUMO is maximised, 
indicating that the { Pd(C 3H5)) unit can not truly be viewed as an (ML 2 ) fragment. 
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3-(113-2-Me-C3H4)-4-SMe2-3,1,2-closo-PdC2B9H10, (C 3H4Me)Pd(carb'), 6 
Synthesis 
Compound 6 was prepared from a frozen methylene chloride solution of 
[(13-C3H4Me)PdC1]2 and two equivalents of Tlcarb'. The red solution that formed 
instantaneously on melting was filtered to remove T1C1 then evaporated in vacuo to 
afford a red solid. Purification by crystallisation from CH 2C12/n-hexane produced 
ruby red plates in 61% yield. Like the parent compound 5, (C3H4Me)Pd(carb') is 
unstable to air at room temperature but can be stored in the solid state at -30°C for 
long periods. 
Characterisation 
Figure 3.15 shows the proposed structure of (C 3H4Me)Pd(carb'). 
Figure 3.15 
ft.:,,- 
Microanalysis figures were consistent with the expected formulation (C 8H23B9PdS). 
The i.r. spectrum showed a strong B-H stretching band with v. a,, centered at 2530 
cm -1 
The "B-['H) n.m.r. spectrum is very similar to that for compound 5. Six peaks 
are observed in the relative ratios 1:1:1:2:2:2 over the range 5 -0.46 - -22.83ppm thus 
accounting for the nine cage boron atoms. It is clear from the proton coupled 
spectrum that one of the two atoms giving rise to the signal at S -16.76ppm is B(4), 
all other signals showing exopolyhedral H atom coupling. 
The 1H n.m.r. spectrum is considerably simpler than that of compound 5 as 
substitution of the central allylic proton H(32) by a methyl group results in the loss of 
11,entral-11te.iT,al coupling. All signals were readily assigned by their very similar 
chemical shifts to those in the spectrum of 5. 
Three methyl singlets, identifiable by their integrals, are observed at 5 2.64, 2.35 
and 2. l4ppm. The lowest frequency signal was attributed to the protons of the 
allyl-bound methyl group, the other two showing chemical shifts typical of SMe 
protons that are indeed almost identical to those for compound 5 (5 2.65 and 
2.35ppm). The two cage C-j atoms are represented by characteristically broad 
singlets at 52.82 and 2.31ppm. The remaining signals are two doublets with identical 
coupling constants (2.95Hz) at 5 4.18 and 4. l4ppm and two singlets at 5 3.42 and 
2.99ppm. The latter were assigned to anti protons by comparison of their chemical 
shifts with those for 5 (5 3.45 and 3.01ppm). The higher frequency doublets 
correspond to syn protons which clearly couple to each other (four bond "W" 
coupling). 
Once again, each terminal allylic H atom is unique, implying that T1 3  ligation is 
maintained in solution. Rotation about the Pd-allyl axis may occur, although the 
spectrum is equally compatible with a static structure. 
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The n.m.r. spectra of compound 6 bear strong resemblences to those of 
(C3H5)Pd(carb') thus indicating gross similarities between the two species. The very 
slightly lower frequencies of signals in both the ' 1B-( 'H) and 'H n.m.r. spectra are 
however consistent with the moderate donor nature of the methyl substituent. 
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3-(r 3- 1-syn-EtO2C-C3H4)-4-SMe2-3,1,2-closo-PdC 2B9H,0, 
(C3H4CO2Et)Pd(carb'), 7 
Synthesis 
Addition of two equivalents of Tlcarb' to a yellow, frozen solution of 
[('r1 3-C3H4CO2Et)PdC1]2 in CH2C12 afforded a red solution of compound 7 upon 
melting, which was isolated in 74% yield by filtration followed by evaporation of the 
filtrate in vacuo. Crystallisation by diffusion of n-hexane into a CH 2Cl2 solution of 7 
at -30°C afforded red platelets. 
Characterisation 
Microanalysis figures for the crude product were consistent with the expected 
formulation of C 10HB9O2PdS. The i.r. spectrum contained a broad B-H stretching 
band with vmax  centered at 2550 cm-1 and a band at 1695 cm- ' that was attributed to 
C-O stretching. 
The asymmetric nature of the Pd(allyl) group leads to the possibility of geometric 
isomers on combination with the asymmetric carb' ligand. For example, if a 
conformation in which a = 900  was adopted, the ester substituent could lie either 
"near" to or "far" from the cage bound SMe 2 group (figure 3.16): 
Is 
"near" isomer 	 Figure 3.16 	"far" isomer 
These are not interconvertible simply by rotation about the Pd-allyl axis, but they 
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Figure 3.17 
may be, via a ir--ir mechanism (figure 3.17): 
It should be noted that both it--ir rearrangements and flipping may also lead to 
exchange of l-syn-(CO 2Et) and H(31a), producing an anti substituted allyl ligand. 
In addition, the cy C-C and GO bonds within the ester substituent of compound 7 
give rise to the possibility of positional isomers, some examples of which are shown 










Different positional isomers are not usually observed in n.m.r. spectra of compounds 
containing the (Pd(C3H4CO2Et)) moiety82 (presumably due to facile rotation about 
the single C-C and C-O bonds) and so would not be expected to be observed in 
spectra of (C3H4CO2Et)Pd(carb'). 
The 'H n.m.r. spectrum of compound 7 clearly shows the presence of two isomers. 
The coupling constants of the allylic proton resonances reveal that, as in compounds 
5 and 6, all syn and anti protons are inequivalent at room temperature, so that neither 
flipping nor ir--it rearrangements occur in either species. 
It is worth noting that variable temperature n.m.r. studies, namely warming the 
sample, may have been useful in determining whether these isomers were rotamers or 
geometric isomers. Following coalescence, if the two species were rotamers, the 
single resulting spectrum would exhibit unique syn and anti allylic protons with 
distinct coupling constants. If, however, the two species were geometric isomers, the 
resulting spectrum would show averaged syn and anti signals since a 7r--7r or 
flipping mechanism would be involved in isomer interconversion. Unfortunately, the 
isomers of compound 7 appeared to be heat sensitive in CDC1 3 and (CD3)2C0 
solutions, decomposing even at room temperature over reasonably short periods. 
There is some evidence to suggest that the two species represented are, in fact, 
geometric isomers. Firstly, the crystallographically determined structure of the 
starting material [(C 3H4CO2Et)PdC1] 282 shows that each dimer contains two Pd(allyl) 
units of opposite handedness. EHMO calculations on models of the two geometric 
isomers of (C3H4CO2Et)Pd(carb') (see later) suggest that they are essentially equally 
thermodynamically stable. These factors imply that unless there is a kinetic 
preference for the synthesis of one over the other, both are equally likely to be 
formed. Secondly, flipping and it-cs-it rearrangements are usually higher energy 
processes than allyl rotation. The barrier between the two most stable rotomeric 
conformations, calculated by EHMO methods, is small for both isomers (ca. 0.54 eV) 
suggesting that these would readily interconvert in room temperature solutions. 
Relative integrals of signals in the. 1H n.m.r. spectrum of 7 show that the two 
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isomers occur in an approximate 3:2 ratio. The more abundant product exhibits the 
usual SMe proton singlets and broad cage CH signals at 8 2.84 and 2.49ppm and at 6 
2.82 and 2.78ppm respectively. The ethyl group of the ester substituent is 
represented by a triplet at 6 1.25ppm (3CH3CHZ = 7.13Hz) and a quartet at about 6 
4.18ppm. The CH2  quartet is rather unclear since it occurs within a complex group of 
signals covering the range 6 4.05 - 4.22ppm which includes multiplets due to three 
other protons. The central allylic proton is represented by a typically high frequency 
doublet of doublets of doublets centered at 6 6.23ppm. A doublet and doublet of 
doublets are observed centered at 6 3.92 and 3.65ppm respectively with coupling 
constants of 10.2 and 11.93Hz, the latter showing fine splitting of 0.6Hz. Both 
signals can be assigned to anti protons. H(31a) would be expected to experience 
greater deshielding than H(33a) due to its proximity to the ester substituent and 
therefore gives rise to the higher frequency doublet. The fine splitting observed in the 
other multiplet is of the order of geminal allylic proton coupling indicating that the 
signal originates from H(33a), confirming the former assignment. The integral of the 
overlapping multiplets between 6 4.05 and 4.22ppm suggests that the signal due to 
H(33s) occurs within this region which, from the H(32) signal, should be a doublet 
with a coupling constant of 6.85Hz. 
The minor product shows a similar pattern. SMe singlets occur at 6 2.49 and 
2.43ppm and cage CH signals at 6 2.78 and 2.47ppm. The central allylic proton 
multiplet, centered at 6 6.18ppm, overlaps with that of the major isomer. The H(33s) 
doublet is observed at 6 4.35ppm (3H(33)H(32) = 7.1211z) and the doublet of doublets 
centered at 6 3.47ppm can be attributed to H(33a) since it shows geminal coupling 
(0.89Hz) as well as coupling to the central proton of 12.47Hz. The ester methyl 
protons give rise to a triplet at 8 1.17ppm (3CCHZ = 7.13Hz). Signals due to ester 
CH2  protons and H(31a) both occur within the range 64.05 - 4.22ppm and, from the 
H(32) signal, the latter should be a doublet with 3j H(31a)H(32) = 10.2Hz. 
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Both species clearly contain a syn substituent ester group, since one syn and two 
anti proton resonances are observed. In each isomer it is notable that the coupling 
constant of H(3 1 a) to the central allylic proton is smaller than that of H(33a) (by 1.73 
and Ca. 2.27Hz for major and minor isomers respectively). In the parent compound, 
(C3H5)Pd(carb'), the nominal difference of 0.09Hz can be attributed to molecular 
asymmetry, but the larger differences in this case reflect the strong inductive effect of 
the ethoxycarbonyl group. This is also manifested in the higher frequencies of the 
chemical shifts of all protons in general than in the spectrum of compound S. 
The "B-{ 1 H} spectrum clearly shows a mixture of products, with ten peaks in the 
approximate relative ratios 5:4:2:2:8:6:7:3:5:3 over the range 8 +3.99 - -23.12ppm. 
The degree of complexity of both the proton coupled and decoupled spectra prevent 
the assignment of any SMe2-bearing boron signals. The peaks in the 11 B-{ 1H) 
spectrum have, however, been tentatively assigned (from their integrals) to boron 
atoms in either the major or minor isomer (or combinations) as listed in table 3.2. 
Table 32 Assignment of the "B-( 1 H) n.m.r. Spectrum of (C3H4CO2Et)Pd(carb') 
B(PPM) 	Atoms in major 	Atoms in minor 
isomer 	 isomer 
+3.99 	 1 	 1 
-9.44 2 
-10.96 	 1 
-12.53 1 
-14.31 	 2 	 1 
-15.30 2 
-17.04 	 1 	 2 
-19.39 1 
-22.26 	 1 	 1 
-23.12 1 
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The 11B and 1H n.m.r. spectra are thus fully compatible with the existence of two 
geometric isomers of (C3H4CO2Et)Pd(carb') although there is no way of determining 
which isomer is represented by which set of signals. 
Structural Study on 7 
Introduction 
A single crystal X-ray diffraction study was carried out to determine the solid state 
molecular geometry of either or both geometric isomers of 7. Diffraction quality red 
platelets were grown by slow diffusion of n-hexane into a concentrated solution of 
compound 7 at -30°C. 
Figures 3.19 and 3.20 show perspective and plan views of the geometric isomer of 
7 of which the crystallographic structure was determined. Table 3.3 lists selected 
interatomic distances and interbond angles. Final atomic coordinates and thermal 
parameters are reported in chapter 5, section 2. 
Figures 3.19 and 3.20 show that, as predicted by 1H n.m.r. spectroscopy, the allyl 
is it bound to the metal with the substituent in the 1-syn position. The positional 
isomeric form adopted is one in which 0(1) (the carbonyl oxygen) is syn to C(32) and 
the ethyl bond (C(312)-C(313)) is approximately parallel to C(311)-0(2). The 
geometric isomer found is the one in which the substituent-bearing allylic carbon 
atom is "near" to B(4), and the pseudo ML 2 plane is positioned such that a = 75.120 . 
The EHMO method was employed to determine the frontier MOs of 
{Pd(1-syn-(CO 2Et)-C3H4). Bond lengths and angles within the model Pd(allyl) 
group are listed in table 3.4. The ester group was twisted out of the allylic plane (as 
is observed crystallographically) such that the torsion C(32)-C(31)-C(31 1)-0(1) was 
70 . H(31a), H(32), H(33a) and H(33s) were set in the allyl plane and angles of 120 0 





Table 33 Selected Interatomic Distances (A) and Interbond Angles (°) in 
(C3H4CO2Et)Pd(carb') 
Pd (3) C (1) 2.445( 	6) 3(6) -3(10) 1.747(11) 
Pd (3) - 	C (2) 2.480 ( 	 6) B (6) -3(11) 1.763(11) 
Pd (3) - 	3(4) 2.240( 	7) 3(7) - 	 3(8) 1.795(10) 
Pd (3) - 	3(7) 2.249( 	7) B(7) -3(11) 1.816(10) 
Pd (3) - 	B (8) 2.276( 	7) 3(7) -3(12) 1.801(10) 
Pd(3)  2.166( 	6) 3(8) - 	3(9) 1.770(10) 
Pd(3)  2.085( 	6) 3(8) -3(12) 1.754(10) 
Pd (3)  2.154( 	7) 3(9) -3(10) 1.751(10) 
C (1) - 	C(2) 1.518( 	9) 3(9) -3(12) 1.763(10) 
C (1) - 	B(4) 1.705( 	9) B(10) -3(11) 1.790(11) 
C (1) - 3(5) 1.684( 	9) 3(10) -B(12) 1.793(11) 
C (1) - 	3(6) 1.736(10) 3(11) -3(12) 1.793(10) 
C(2) - 	3(6) 1.723(10) S -C(1S) 1.798( 	7) 
C(2) - 3(7) 1.724( 	9) S -C(2S) 1.793( 	7) 
C(2) -3(11) 1.683(10) C(31) -C(32) 1.403( 	9) 
3(4) - 3(5) 1.789(10) C(31) -C(311) 1.482( 	9) 
3(4) - B(8) 1.773(10) C(32) -C(33) 1.388( 	9) 
3(4) - 3(9) 1.773(10) C(311)- 0(1) 1.202( 	8) 
B(4) - 	 S 1.902( 	7) C(311)- 0(2) 1.327( 	7) 
B(5) - 	B(6) 1.760(11) 0(2) -C(312) 1.440( 	8) 
3(5) - 3(9) 1.762(10) C(312)-C(313) 1.482 (10) 
3(5) -3(10) 1.756(11) 
C(1) -Pd(3) - 	C(2) 35.89(20) C(1) - B(6) - 	B(5) 	57.6( 4) 
C(1) -Pd(3) - B(4) 42.41(22) C(2) - B(6) -3(11) 57.7( 4) 
C(1) -Pd(3) -C(31) 116.43 (21) 3(5) - B(6) -3(1) 	60.1( 4) 
C(1) -Pd(3) -C(32) 124.56(22) B(10) - 3(6) -B(1) 61.3( 4) 
C(1) -Pd(3) -C(33) 148.43(23) Pd(3) - B(7) - 	 Co 	76.0( 3) 
C(2) -Pd(3) - B(7) 42.40(23) Pd(3) - B(7) - 	B() 67.4( 3) 
C(2) -Pd(3) -C(31) 136.63(21) C(2) - 3(7) -B(1) 	56.7( 4) 
C(2) -Pd(3) -C(32) 117.49(22) B(8) - B(7) -B(1) 58.4( 4) 
C(2) -Pd(3) -C(33) 118.21 (23) B(11) - B(7) -B(1) 	59.4( 4) 
3(4) -Pd(3) - 3(8) 46.22(25) Pd(3) - 3(8) - 	B() 65.8( 3) 
3(4) -Pd(3) -C(31) 115.29(23) Pd(3) - B(8) - 	3() 	65.8( 3) 
3(4) -Pd(3) -C(32) 149.85(24) 3(4) - B(8) - 	 BC) 60.1( 4) 
3(4) -Pd(3) -C(33) 168.0( 	3) 3(7) - 3(8) -B(1) 	61.0( 4) 
B(7) -Pd(3) - 3(8) 46.7( 	3) B(9) - 3(8) -B(1) 60.0( 4) 
3(7) -Pd(3)  168.92(24) 3(4) - 3(9) - 	 BC) 	60.8( 4) 
3(7) -Pd(3)  130.47(25) 3(4) - 3(9) - 	B() 60.0( 4) 
3(7) -Pd(3)  102.8( 	3) 3(5) - 3(9) -B(1) 	60.0( 4) 
3(8) -Pd(3) -C(31) 142.79 (24) B(8) - B(9) -B(1) 59.5( 4) 
3(8) -Pd(3) -C(32) 161.41(25) B(10) - 3(9) -3(1) 	61.3( 4) 
3(8) -Pd(3) -C(33) 124.1( 	3) 3(5) -B(10) - 	 BC) 60.3( 4) 
C(31) -Pd(3) -C(32) 38.47(23) B(5) -3(10) - 	B() 	60.3( 4) 
C(31) -Pd(3) -C(33) 67.41(24) B(6) -B(10) -B(1) 59.8( 4) 
C(32) -Pd(3) -C(33) 38.2( 	3) 3(9) -3(10) -3(1) 	59.6( 4) 
Pd(3) - 	C(1) - 	C(2) 73.3( 	3) 3(11) -B(10) -3(1) 60.1( 4) 
Pd(3) - 	C(1) - 	3(4) 62.3( 	3) C(2) -3(11) - 	3() 	59.9( 4) 
C(2) - 	C(1) - 	3(6) 63.5( 	4) C(2) -3(11) - 	 BC) 58.9( 4) 
B(4) - 	C(1) - 3(5) 63.7( 	4) B(6) -3(11) -B(1) 	58.9( 4) 
3(5) - 	C(1) - B(6) 61.9( 	4) 3(7) -3(11) -B(1) 59.9( 4) 
Pd (3) - 	C(2) - 	C(1) 70.8( 	3) 3(10) -3(11) -3(1) 	60.1( 4) 
Pd (3) - 	C(2) - 	8(7) 61.6(  8(7) -3(12) - 	B() 60.6( 4) 
0(1) - 	 0(2) - 	 3(6) 64.4(  8(7) -B(12) -8(1) 60.7( 4) 
3(6) - 	C(2) -3(11) 62.3( 4) 3(8) -3(12) - 	B() 60.4( 4) 
3(7) - 	C(2) -8(11) 64.4( 4) 3(9) -3(12) -3(1) 59.O( 4) 
Pci(3) - 	8(4) - 	C(1) 75.3( 3) 3(10) -3(12) -3(1) 59.9( 4) 
Pd (3) - 	3(4) - 	B(8) 68.0( 3) 8(4) - 	 S -C(1) 104.6( 3) 
Pd (3) - 	B(4) - 	 S 108.3( 3) B(4) - 	 S -C(2) 107.1 ( 3) 
C (1) - 	B(4) - 	3(5) 57.6( 4) C (iS) - 	 S -C(2) 100.4 ( 3) 
C(1) - 	8(4) - 	 S 116.5( 4) Pd (3) -0(31) -0(3) 67.7( 3) 
B(S) - 	8(4) - 	8(9) 59.3( 4) Pd (3) -0(31) -C(31) 115.0( 4) 
B(5) - 	B(4) - 	 S 107.7( 4) C(32) -C(31) -C(31) 119.9( 5) 
3(8) - 	B(4) - 	3(9) 59.9( 4) Pd(3) -C(32) -C(3) 73.9( 4) 
3(8) - 	B(4) - 	 S 132.1( 4) Pd(3) -C(32) -C(3) 73.6( 4) 
3(9) - 	3(4) - 	 S 120.0( 4) C(31) -C(32) -C(3) 118.4 ( 6) 
C(i) - 	3(5) - B(4) 58.7( 4) Pd(3) -C(33) -C(3) 68.2( 4) 
C(i) - 	8(5) - 	3(6) 60.5( 4) C(31) -C(311)- 	0() 125.4( 6) 
3(4) - 	3(5) - 	3(9) 59.9( 4) 0(31) -C(311)- 	0() 111.2( 5) 
3(6) - 	3(5) -8(10) 59.6( 4) 0(1) -C(311)- 	0() 123.4( 6) 
8(9) - 	B(5) -8(10) 59.7( 4) C(311) -  0(2) -C(32) 116.7( 5) 
0(1) - 	B(6) - 	0(2) 52.1( 4) 0(2) -C(312)-C(33) 107.7( 6) 
resulting tilt angle, 't, was 111.920 . 
Table 3.4 Interatomic Distances (A) and Interbond Angles (°) Within the Model 














The frontier MOs are qualitatively similar to those of (Pd(C 3H5)), differing in that 
the HOMO has only 22% metal character (compared to 28%), and the HOMO 
- 2nd HOMO gap is slightly reduced from 1.62 to 1.60 eV. This suggests that a 
conformational preference for the position of maximum (carb') LUMO/metal 
HOMO overlap should be further reduced (than in 5) hence a conformation similar to 
that adopted in (C3H5)Pd(carb') would be expected, in the absence of steric effects. 
The crystallographically observed conformation (a = 75.120) is consistent with a 
deviation from that expected due to interligand crowding between the pendant SMe 2 
group and the bulky ethoxycarbonyl substituent. 
Series of calculations were performed on both geometric isomers of compound 7, 
in which a was systematically varied, to determine their comparative stabilities in 
general and to predict the barriers to rotomer interconversion. The model described 
above for {Pd(C3H4CO2Et)) was employed, with the metal atom set 1.827A above 
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the C2133 centroid (i = OA). Coordinates for the alternative geometric isomer were 
generated by reflection of the allyl ligand in the plane through Pd, C(32) and the 
midpoint of C(31) ... C(33). The results are presented in figure 3.21. 
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Figure 3.21 
The most notable feature is the asymmetry of the graphs compared to that obtained 
for (C3H5)Pd(carb'). This is clearly due to the steric effects of introducing the CO 2Et 
substituent at the 1-syn position. The global maximum for the crystallographically 
observed isomer occurs at a = 1260 and at a = -900 for the alternative isomer, both 
corresponding to positions of substantial interligand crowding. In addition, the two 
maxima for each curve occur at positions where unfavourable interaction between the 
metal hybrid and the (carb' ) HOMO would be considerable. 
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Once again, for the experimentally found isomer, two minima are seen at about 36 
and -1440, the former being the global minimum, contrary to the conformation 
observed in which a = 75.120. The deviation from the predicted orientation is 
presumably due to a tendency towards adopting a slipped conformation in which a = 
960 (as outlined for compound 5) that is hindered by interligand crowding. 
It is notable, however, that the observed structure is only destabilised by ca. 0.17 
eV from the minimum (from the above calculations) implying that packing forces 
may also contribute to the twist away from a = 36 0. In particular, interactions 
between the carbonyl oxygen and SMe 2 H atoms in a neighbouring molecule may be 
significant, since short interatomic distances of 2.210(7) and 2.475(7)A have been 
measured from 0(1) to H(2S2) and H(1S3) of the molecule at 0.5-x, y-0.5, z. 
The barriers between the two minimum energy conformations are only 0.54eV and 
0.53eV implying that distinct rotomers are unlikely to be seen in room temperature 
n.m.r. spectra, and the similar stabilities of the two geometric isomers suggests that 
both should be formed during the reaction of [(C 3H4CO2Et)PdCl1 2 with Tlcarb'. 
Compound 7 exhibits the usual distorted closo-icosahedral structure with parallel 
C2B3 and B5 planes (c35 = 0.870) the former being less planar than the latter 
(aC2B3 = 0.099A, aB5 = 0.067A). The metal is slipped roughly towards B(8) by 
0.333A which is reflected in the Pd-facial cage atom distances, <Pd-C> being longer 
than <Pd-B> (by 0.208(9)A). Pd-B(4) and Pd-B(7) are almost identical and slightly 
shorter than Pd-B(8). The slip parameter is slightly smaller than that measured in 
compound 5, and is presumably a result of both the conformation and the steric bulk 
of the ester substituent. In the adopted conformation, a slip towards B(8) might lead 
to a slight increase in the overlap between the { Pd(C 3H4CO2Et) ) - second 
HOMO and (carb' ) I LUMO, but it would also lead to more severe crowding between 
CO2Et and SMe2 substituents. Despite the asymmetric allyl conformation, metal to 
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facial cage atom distances and intralacial connectivities are fairly symmetric. 
The SMe2 group shows a small C(1)-B(4)-S-S(lone pair) torsion of -15.74 0 and an 
angle of inclination of 19.220. The difference between the angles B(8)-B(4)-S and 
C(1)-B(4)-S (15.6(6) 0) indicates that the S(lone pair) ... H(1) interaction is maintained. 
Interligand crowding, which is not severe due to the allyl conformation, is 
manifested in the slight bowing of the allyl (away from the metal at C(31)) such that 
= 84.90, and in the Pd-C(31) and Pd-C(33) distances which are 2.166(6) and 
2.154(7)A respectively. It should be noted that in earlier examples of 
( 
Pd(C3H4CO2Et)) complexes, bowing is in the opposite direction in the absence of 
interligand crowding 82. This is a result of the modification of the allylic it orbitals by 
the ester substituent which extends the it system to include contributions from C(31 1) 
and 0(1)81.  The it orbitals of (C3H4CO2Et) 8' are sketched in figure 3.22 together 












The ir orbitals do not contribute significantly to allyl-metal bonding and can 
therefore be ignored, as can the it orbitals which maintain nodal symmetry of the C 3 
unit and hence bonding capabilities. The nodal plane of the non-bonding orbital 
(which interacts with metal d and p,, orbitals) is however shifted to between C(31) 
and C(32), rather than passing through C(32), to resemble the HOMO of trans 
butadiene. As a result, the metal is effectively shifted towards C(31) (figure 3.23), 
thus resulting in a shorter Pd-C(31) bond (compared to Pd-C(33)) and bowing 





Opposing steric forces clearly override this effect in compound 7. 
As usual, C(32) is tilted away from the Pd atom (r = 110.86 0) and Pd-C(32) is the 
shortest Pd-C 11 bond at 2.085(6)A. 
H(31 a) and H(33a) are inclined out of the C(31)-C(32)-C(33) plane away from the 
metal by 29.75 and 17.360 respectively, whilst C(31 1), H(33s) and H(32) deviate 
towards the metal by 10.82, 6.85 and 14.540. In addition, C(31)-C(32) is very slightly 
longer (although not significantly so) than C(32)-C(33). The greater deformations at 
C(31) than at C(33) are consistent with the electron withdrawing effect of the 
ethoxycarbonyl substituent. 
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A final point of interest is the C(32)-C(31)-C(311)-0(1) torsion angle, 0, of 
7.42(95)0  (such that 0(1) and 0(2) are below and above the C 3  plane respectively), 
implying reduced conjugation between the allyl and carbonyl units compared to a 
situation in which 0 =00. This twist presumably occurs to maintain attractive 
interactions between 0(1) and H(32) (2.568(59)A) and between 0(2) and H(31a) 
(2.409(55)A) (the sum of the van der Waals radii of H and 0 is 2.6A 140). 
Conclusions 
N.m.r. spectra of the products of the reaction of [(C 3H4CO2Et)PdC1] 2 with Tlcarb' 
indicate the formation of two geometric isomers. A structural study has been 
performed on crystals of one of these isomers. The metal slip parameter and bond 
lengths to the C2B3 face suggest that, as in (C 3H5)Pd(carb'), there is a tendency 
towards borallylic ligation. The conformation adopted by the allyl moiety tends 
towards that observed in (C 3H5)Pd(carb') although attainment of a conformation in 
which a = 960 is hindered by interligand crowding. The crowding between SMe 2 and 
ester groups also causes C(31) to bow away from the metal, contrary to what is 
observed in { Pd(C 3H4CO2Et) } complexes generally. 
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3- (i3- 1syn-Ph.C3H4)-4-SMe2-3,1,2-closo-PdC 2B9H 1o, (C3H4Ph)Pd(carb'), 8 
Synthesis 
Compound 8 was prepared by the reaction of [(1 3-C3H4Ph)PdC1I 2 with two 
equivalents of Tlcarb' in CH 2C12  from frozen. The crude products were obtained in 
72% yield by work-up involving filtration to remove TIC! followed by evaporation in  
vacuo. Diffusion of n-hexane into a highly concentrated CH 2C12 solution of 8 at 
room temperature yielded deep red blocks, while similar solvent diffusion at -30°C 
produced red dentritic crystals. 
Characterisation 
Microanalysis figures for the crude product were consistent with the proposed 
formulation of C 13H25B9PdS. The i.r. spectrum exhibited a broad band with Vm 
centered at 2520 cm -1 that was attributed to B-H stretching modes. 
Like compound 7, (C3H4Ph)Pd(carb') contains an asymmetrically substituted allyl 
group and by analogy it would therefore be expected to exhibit two species 
(geometric isomers) in its n.m.r. spectra. 
The 1H n.m.r. spectrum does indeed show two compounds in an approximate 2:1 
ratio. Each isomer exhibits a doublet of doublets and a doublet that correspond to 
anti protons. These are centered at 8 3.59ppm (H(33a), 3H(33a)H(32) = 11.44Hz) and 
4.89 (H(31a), 3H(31a)H(32) = 10.92Hz) for the major isomer and at 3.45ppm (H(33a), 
3 H(33a)H(32) = 11.51Hz) and 5.24 (H(3 la), 3H(31a)H(32) = 11.07Hz) for the minor. The 
fine splittings of the lower frequency doublets of doublets are barely detectable and 
are presumably due to geminal coupling. These signals were thus attributed to the 
H(33a) atoms, and the doublets to the H(31a) atoms, of the two isomers. 
It is interesting to note that for each species, the signal for H(31a) occurs at a 
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substantially higher frequency than that representing H(33a). This is due to the 
strong deshielding effect of the nearby aromatic ring. Comparison of the H(31a) and 
H(33a) coupling constants (to H(32)) reveals that in each isomer, that for H(31a) is 
the smaller (by 0.52 and 0.44Hz). This is a result of the inductive effect of the phenyl 
substituent and, since these differences are smaller than those observed for compound 
7 (1.73 and 2.27Hz), it reflects the poorer electron withdrawing property of the 
phenyl group compared to CO 2EL 
H(33s) syn doublets are centered at 5 4.15 and 4.18ppm for major and minor 
isomers, showing splittings of 6.43 and 6.72Hz respectively. Doublets of doublets of 
doublets corresponding to H(32) are centered at 5 6.21 (H(32) maj) and 6.24ppm 
(H(32)). 
Characteristically complex phenyl proton multiplets are seen between 5 7.72 and 
7. l9ppm for both species, and SMe singlets are at typical chemical shifts of 5 2.84 
and 2.31ppm in the major isomer, and of 52.66 and 2.41ppm in the minor isomer. 
Broad cage CH signals occur at 5 2.67 and 1.69ppm (major) and at 3 3.1 and 
1.84ppm (minor). The peaks at 3 1.69 and 1.84ppm are at anomalously low 
frequencies, suggesting some interaction with the phenyl group that might lead to 
shielding. 
The 11 B-f 1H) spectrum contains 9 peaks in the relative ratios 1:2:2:1:3:2:4:2:10 
representing the two species. Unfortunately it was impossible to assign either of the 
B(4) atoms by comparison with the proton coupled spectrum, due to its complexity. 
The two signals at 30.76 and -9.96ppm, which show the smallest integrals, have been 
attributed to boron atoms in the minor isomer, but further assignment of the peaks is 




Compound 8 crystallises in two forms; as blocks at room temperature (8a), and in 
a dendritic form at -30°C (8b). A highly concentrated solution must be used in 
preparation of Sa so that crystals can be grown before decomposition occurs. 
It was hoped that the two crystal forms would contain molecules of the different 
geometric isomers of 8. However, this was found not to be the case, the main 
difference being that two crystallographically independent molecules were observed 
in 8b (both the same isomer as in Sa). The results of studies on both crystals are 
discussed. 
Discussion 
Figures 3.24 and 3.25 show perspective and plan views of Sa. The structures of 
the two molecules in Sb are grossly similar so are not presented. Tables 3.5-3.7 list 
selected interatomic distances and interbond angles for the three molecules; final 
atomic coordinates and thermal parameters can be found in chapter 5, section 2. 
In all three cases, the usual closo-icosahedral structure is observed, the main 
distortion being a metal slip of 0.27A in Sa, and 0.22 and 0.29A in 8b(1) and 8b(2), 
resulting in shorter Pd-B than Pd-Ccage  distances. The geometric isomer found is 
analogous to that described for compound 7. This may be coincidence or may 
suggest that this particular isomer crystallises preferentially under the given 
conditions. 
In each case, C2B3 and B5 rings are essentially planar and parallel, with greater 
distortions from planarity exhibited by the C 2133 face. Values for these distortions 
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Figure 3.24 
Figure 325 
Table 3.5 Selected Interatomic Distances (A) and Interbond Angles (°) in 8a 
C (1) - 	C (2) 1.552(13) B (5) - B (9) 1.789 (16) 
0(1) -Pd(3) 2.409 ( 	 9)  -3(10) 1.766(16) 
C (1) - 	B(4) 1.707(13)  -B (10) 1.753(17) 
0(1) - 	B(5) 1.715(14) B (6) -B (11) 1.737(20) 
C (1) - 	B(6) 1.730(15) 3(7) - B (8) 1.847(17) 
0(2) -Pd(3) 2.486( 	9) B (7) -B (11) 1.803(20) 
C (2) - 	3(6) 1.724(15) B (7) -3(12) 1.808(18) 
0(2) - 	3(7) 1.686(16) B (8) - B (9) 1.771(16) 
C(2) -3(11) 1.663(18) B(8) -B(12) 1.755(17) 
Pd (3) - 	3(4) 2.220(10) 3(9) -B(10) 1.750(17) 
Pd (3) - 	B(7) 2.278 (13) 3(9) -3(12) 1.740(17) 
Pd (3) - 	3(8) 2.313(12) 3(10) -3(11) 1.760(19) 
Pd(3) -C(31) 2.185( 	9) 3(10) -3(12) 1.811(17) 
Pd (3) -0(32) 2.088(10) 3(11) -B(12) 1.771(20) 
Pd(3) -0(33) 2.141(10) S -C(1S) 1.788(10) 
3(4) - 	3(5) 1.800(14) S -C(2S) 1.799(11) 
3(4) - 	B(8) 1.756(15) C(31) -0(32) 1.410(13) 
B(4) - 	3(9) 1.805(15)  -C(311) 1.486(11) 
3(4) - 	 S 1.908(10)  -0(33) 1.406(14) 
3(5) - 	B(6) 1.768(16) 
C(2) - 	C(1) -Pd(3) 74.2( 	5) 0(1) - B(6) - 	0(2) 	53.4( 6) 
C(2) - 	C(1) - 	B(6) 63.1( 	6) C(1) - B(6) - B(5) 58.7( 6) 
Pd(3) - 	C(1) - 	B(4) 62.6( 	4) C(2) - B(6) -B(11) 	57.4( 7) 
B(4) - 	0(1) - 	3(5) 63.4( 	6) B(5) - B(6) -3(10) 60.2( 7) 
B(5) - 	C(1) - 	B(6) 61.8( 	6) B(10) - B (6) -B(11) 	60.6( 8) 
0(1) - 	C(2) -Pd(3) 68.9( 	5) 0(2) - B(7) -Pd(3) 76.0( 6) 
C(1) - 	C(2) - 	B(6) 63.5( 	6) 0(2) - 3(7) -B(11) 	56.8( 7) 
Pd(3) - 	C(2) - 	B(7) 62.8( 	5) Pd(3) - 3(7) - 	B(8) 67.3( 5) 
B(6) - 	C(2) -B(11) 61.7( 	7) 3(8) - B(7) -B(12) 	57.4( 7) 
B(7) - 0(2) -B(11) 65.2( 	8) B(11) - B(7) -3(12) 58.8( 7) 
0(1) -Pd(3) - 	C(2) 36.9( 	3) Pd(3) - B(8) - 	B(4) 	64.4( 5) 
0(1) -Pd(3) - 	B(4) 43.0( 	3) Pd(3) - B(8) - B(7) 65.3(  
C(1) -Pd(3) -0(31) 112.3( 	3) 3(4) - B(8) - 	B(9) 	61.6(  
C(1) -Pd(3) -C(32) 126.7( 	3) B(7) - B(8) -3(12) 60.2( 7) 
C(1) -Pd(3) -0(33) 156.1( 	3) B (9) - B(8) -B(12) 	59.1( 7) 
0(2) -Pd(3) - 	B(7) 41.2( 	4) B(4) - B(9) - B(5) 60.1( 6) 
0(2) -Pd(3) -0(31) 134.2( 	3) B(4) - B(9) - B(8) 	58.8( 6) 
0(2) -Pd(3) -0(32) 120.6( 	3) B(5) - B(9) -3(10) 59.9( 6) 
0(2) -Pd(3) -0(33) 125.0( 	3) 3(8) - B(9) -3(12) 	60.0( 7) 
3(4) -Pd(3) - B(8) 45.5( 	4) B(10) - 3(9) -B(12) 62.5( 7) 
B(4) -Pd(3) -0(31) 113.1( 	4) B(5) -3(10) - 	B(6) 	60.3( 7) 
B(4) -Pd(3) -0(32) 150.1( 	4) B(5) -B(10) - 	B(9) 61.2( 6) 
3(4) -Pd(3) -0(33) 160.6( 	4) B(6) -B(10) -3(11) 	59.3( 7) 
3(7) -Pd(3) - B(8) 47.4( 	4) 3(9) -3(10) -B(12) 58.5( 7) 
3(7) -Pd(3) -0(31) 169.7( 	4) 3(11) -B(10) -3(12) 	59.5( 7) 
B(7) -Pd(3) -0(32) 132.2( 	4) 0(2) -B(11) - 	B(6) 60.9( 7) 
3(7) -Pd(3) -0(33) 106.6( 	4) C(2) -B(11) - 3(7) 	58.0( 7) 
B(8) -Pd(3) -0(31) 142.8( 	4) B(6) -B(11) -B(10) 60.2( 7) 
3(8) -Pd(3) -0(32) 159.3( 	4) B(7) -3(11) -3(12) 	60.8( 8) 
3(8) -Pd(3) -0(33) 121.4( 	4) 3(10) -3(11) -B(12) 61.7( 8) 
C(31) -Pd(3) -0(32) 38.5( 	4) B(7) -B(12) - 	3(8) 	62.4( 7) 
-Pd(3) -C(33) 	67.9( 4) 
-Pd(3) -C(33) 38.8( 4) 
0(1) - 	3(4) -Pd(3) 74.4(  
C(1) - 	 3(4) - 3(5) 58.5(  
0(1) - 	3(4) - 	 S 117.8( 6) 
Pd (3) - 	 3(4) - 	3(8) 70.0( 5) 
Pd (3) - 	3(4) - 	 S 105.1(  
3(5) - 	3(4) - 	3(9) 59.5(  
3(5) - 	3(4) - 	 S 110.0 ( 6) 
3(8) - 	3(4) - 	3(9) 59.6( 6) 
3(8) - 	3(4) - 	 S 128.4( 7) 
3(9) - 	3(4) - 	 S 120.9( 7) 
C(1) - B(S) - B(4) 58.1(  
0(1) - 	B(S) - B(6) 59.5(  
3(4) - 	B(S) - B(9) 60.4( 6) 
3(6) - 3(5) -3(10) 59.5( 6) 
3(9) - 3(5) .-B(10) 59.0( 6) 
B(7) -3(12) -3(11) 60.5( 8) 
3(8) -3(12) - 	3(9) 60.9( 7) 
3(9) -3(12) -B (10) 59.0 ( 7) 
B (10) -3(12) -3(11) 58.9( 7) 
3(4) - 	 S -C(1S) 102.8( 4) 
3(4) - 	 S -C(2S) 109.3( 5) 
C(1S) - 	 S -C(2S) 99.4( 5) 
Pd (3) -C(31) -0(32) 67.1( 5) 
Pd (3) -0(31) -C(311)116.9( 5) 
0(32) -0(31) -C(311)121.8( 8) 
Pd(3) -C(32) -C(31) 74.5( 6) 
Pd(3) -C(32) -C(33) 72.7( 6) 
0(31) -0(32) -0(33) 118.2( 9) 
Pd(3) -C(33) -0(32) 68.5( 6) 
C(31) -C(311)-C(312)117.3( 6) 
C(31) -C (311) -C (316) 122.7 ( 6) 
Table 3.6 Selected Interatomic Distances (A) and Interbond Angles (°) in 8b(1) 
Pd (3) - 	C(1) 2.379(11) B(4) - 	B (9) 1.788 (22) 
Pd (3) - 	C(2) 2.539(12) 3(5) - 	3(6) 1.684 (22) 
Pd (3) - 	B(4) 2.258(15) B(5) - 	3(9) 1.747 (22) 
Pd (3) - 	 3(7) 2.337(16) B(5) -B(10) 1.673 (22) 
Pd (3) - 	B(8) 2.343(15) B(6) -B(10) 1.738 (23) 
Pd (3) -C(31) 2.178 (13) 3(6) -B(11) 1.752 (22) 
Pd (3)  2.087(15) 3(7) - 	B(8) 1.900 (22) 
Pd(3)  2.139(14) B(7) -B(11) 1.752(22) 
S -C(1S) 1.754 (14) 3(7) -3(12) 1.807 (23) 
S -C(2S) 1.777(14) 3(8) - B(9) 1.754 (22) 
S - 	B(4) 1.879(15) B(8) -B(12) 1.788(22) 
C(1) - 	C(2) 1.549(17) B(9) -B(10) 1.709(23) 
C(1) - 	B(4) 1.678(19) B(9) -B(12) 1.769(23) 
C(1) - B(5) 1.689(19) 3(10) -3(11) 1.863(22) 
C(1) - 	B(6) 1.695(20) B(10) -3(12) 1.831(23) 
C(2) - B(6) 1.664(20) 3(11) -B(12) 1.840(22) 
C(2) - B(7) 1.713(20) C(31) -C(32) 1.353(20) 
C(2) -3(11) 1.634(19)  -C(311) 1.505(16) 
3(4) - 3(5) 1.763(21)  -C(33) 1.374 (20) 
B(4) - 	3(8) 1.812(21) 
C(1) -Pd(3) - B(4) 42.3( 	5) C(1) - 3(6) - 	C(2) 	54.9( 8) 
C(1) -Pd(3) -C(31) 112.3( 	4) C(1) - 	3(6) - 	B(5) 60.0( 8) 
0(1) -Pd(3) -C(32) 132.9( 	5) C(2) - B(6) -3(11) 	57.1( 8) 
C(1) -Pd(3) -C(33) 165.3( 	5) 3(5) - B(6) -3(11) 	109.4(11) 
B(4) -Pd(3) - 	3(8) 46.3( 	5) B(10) - 3(6) -B(11) 64.5( 9) 
B(4) -Pd(3) -C(31) 115.6( 	5) Pd(3) - B(7) - 	C(2) 	75.9( 7) 
B(4) -Pd(3) -C(32) 152.5( 	5) C(2) - B(7) - 	3(8) 	109.2(10) 
3(4) -Pd(3) -C(33) 152.2( 	5) B(8) - B(7) -B(11) 	109.3(11) 
B(7) -Pd(3) - 	3(8) 47.9( 	5) B(8) - 3(7) -3(12) 57.6( 8) 
3(7) -Pd(3) -0(31) 164.7( 	5) B(11) - 3(7) -B(12) 	62.2( 9) 
B(7) -Pd(3) -C(32) 131.3( 	6) Pd(3) - B(8) - 	B(4) 64.4( 7) 
B(7) -Pd(3) -C(33) 109.1( 	5) B(4) - 3(8) - 	B(7) 	98.4 (10) 
3(8) -Pd(3) -0(31) 147.4( 	5) B(7) - B(8) -3(12) 58.6(  
3(8) -Pd(3) -C(32) 153.4( 	5) 3(9) - 3(8) -3(12) 	59.9(  
3(8) -Pd(3) -0(33) 115.8( 	5) B(4) - 3(9) - 	3(5) 59.8( 9) 
C(31) -Pd(3) -C(32) 36.9( 	5) B(4) - B(9) - 	3(8) 	61.5( 9) 
C(31) -Pd(3) -0(33) 66.6( 	5) 3(5) - B(9) -3(10) 57.9( 9) 
0(32) -Pd(3) -C(33) 37.9( 	5) 3(8) - B(9) -3(12) 	61.0( 9) 
C(is) - 	 S -C(2S) 101.1( 	6) 3(10) - 3(9) -B(12) 63.5 (10) 
C(is) - 	 S - 	B(4) 104.4( 	6) B(5) -3(10) - B(6) 	59.1( 9) 
C(2S) - 	 S - 	3(4) 108.8( 	6) 3(5) -B(10) - 	B(9) 62.2( 9) 
Pd(3) - 	C(i) - 	C(2) 77.3( 	6) B(6) -3(10) -3(11) 	58.1( 9) 
Pd(3) - 	C(1) - 	B(4) 65.0( 	6) 3(9) -B(10) -B(12) 59.8( 9) 
C(2) - 	C(i) - 	3(6) 61.5( 	8) B(11) -B(10) -3(12) 	59.8( 9) 
3(4) - 	0(1) - 3(5) 63.2( 	8) C(2) -3(11) - 	B(6) 58.7( 8) 
3(5) - 	C(1) - 	 3(6) 59.7( 	8) C(2) -3(11) - 	B(7) 	60.6( 8) 
C(1) - 	C(2) - 	3(6) 63.6( 	8) B(6) -B(11) -3(10) 57.4( 9) 
3(6) - 	C(2) -B(11) 64.2( 	9) 3(7) -B(11) -B(12) 	60.3( 9) 
3(7) - 	C(2) -3(11) 63.1( 	9) 3(10)  59.3( 9) 
Pd(3) - 	3(4) - 	 S 104.1( 	7) 3(7) -B(12) - 	3(8) 	63.8( 9) 
Pd(3) - 	B(4) - 	C(i) 72.7( 	7) B(7) -3(12) -B(11) 57.4( 8) 
Pd(3) - 	3(4) - 	B(8) 69.3( 	7) B(8) -B(12) - 	3(9) 	59.1( 9) 
S - 	B(4) - 	C(1) 119.8 ( 9) B(9) -B(12) -3(10) 	56.7 ( 9) 
S - 	B (4) - 	B (5) 114.8 ( 9) B (10) -B (12) -B (11) 61.0 ( 9) 
S - 	B(4) - 	B(8) 127.3( 9) Pd (3) -C(31) -C(32) 	67.9( 8) 
S - 	B(4) - 	B(9) 123.0 (10) Pd (3) -C(31) -c (311) 116.2 ( 8) 
0(1) - 	B(4) - 	B(5) 58.7( 8) C(32) -C(31) -C(311)127.4(12) 
B(5) - 	3(4) - 	B(9) 58.9( 9) Pd (3) -C(32) -C(31) 	75.2( 8) 
3(8) - 	3(4) - 	B(9) 58.3( 8) Pd (3) -C(32) -C(33) 73.1( 9) 
C(1) - B(5) - 	3(4) 58.1( 8) C(31) -C(32) -0(33) 	120.7(13) 
0(1) - 	B(5) - 	B(6) 60.4( 8) Pd (3) -C(33) -C(32) 69.0( 8) 
B (4) - 	B (5) - 	B (9) 61.2 ( 9) C (31) -C(311)-C(312)118.8( 9) 
B (6) - B(5) -B(10) 62.4 (10) C(31) -C(311)-C(316)121.2( 9) 
B(9) - B(5) -6(10) 59.9( 9) 
Table 3.7 Selected Interatomic Distances (A) and Interbond Angles (°) in 8b(2) 
Pd (3) - 	0(1) 2.381(13) 3(4) - 	 3(9) 1.684(21) 
Pd (3) - C(2) 2.529(14) B(5) - 	 3(6) 1.728(21) 
Pd (3) - B(4) 2.257(14) B(5) - 	 3(9) 1.746(21) 
Pd (3) - B(7) 2.306(17) 3(5) -B(10) 1.673(22) 
Pd (3) - 	B(8) 2.292(17) B(6) -3(10) 1.736(23) 
Pd (3) -C(31) 2.226(13) B(6) -B(11) 1.748(23) 
Pd (3) -c (32) 2.118(14) 3(7) - 	 3(8) 1.820(24) 
Pd (3) -0(33) 2.136(14) B(7) -B(11) 1.782(24) 
S -C(1S) 1.777(15) B(7) -3(12) 1.818(23) 
S -C(2S) 1.807(14) 3(8) - 	 3(9) 1.738(23) 
S - B(4) 1.953(14) 3(8) -B(12) 1.726(24) 
C(1) - C(2) 1.488(19) B(9) -B(10) 1.717(23) 
C(1) - B(4) 1.755(19) 3(9) -3(12) 1.784 (23) 
C(1) - B(5) 1.745(19) B(10) -B(11) 1.793(24) 
 - B(6) 1.702(20) B(10) -3(12) 1.852(24) 
 - 	3(6) 1.643(21) 3(11) -B(12) 1.799(24) 
0(2) - B(7) 1.656(22) C(31) -C(32) 1.446(19) 
C(2) -3(11) 1.633(22)  -C(311) 1.467(15) 
B(4) - 3(5) 1.791(20)  -C(33) 1.416(20) 
B(4) - 	3(8) 1.688(22) 
C(1) -Pd(3) - B(4) 44.4( 	5) 0(1) - 	3(6) - 	B(5) 	61.2( 8) 
C(1) -Pd(3) -C(31) 111.2( 	5) C(2) - 	B(6) -3(11) 57.5( 9) 
0(1) -Pd(3) -C(32) 130.7( 	5) 3(5) - 	3(6) -3(10) 	57.7( 9) 
C(1) -Pd(3) -C(33) 163.5( 	5) 3(10) - 	B(6) -3(11) 61.9 ( 9) 
3(4) -Pd(3) - 3(8) 43.6( 	6) Pd(3) - 	B(7) - 	C(2) 	77.4( 8) 
3(4) -Pd(3) -C(31) 116.3( 	5) Pd(3) - 	3(7) - 	B(8) 66.3( 8) 
B(4) -Pd(3) -C(32) 155.0( 	5) C(2) - 	3(7) -3(11) 	56.6( 9) 
3(4) -Pd(3) -C(33) 151.7( 	5) 3(8) - 	B(7) -3(12) 56.7( 9) 
3(7) -Pd(3) - 	3(8) 46.6( 	6) 3(11) - 	3(7) -3(12) 	60.0( 9) 
3(7) -Pd(3) -C(31) 165.1( 	5) Pd(3) - 	3(8) - 	3(4) 67.1( 8) 
3(7) -Pd(3) -C(32),130.3( 6) Pd(3) - 	B(8) - 	3(7) 	67.1(  
3(7) -Pd(3) -C(33) 108.9( 	6) 3(4) - 	B(8) - 	B(9) 58.9(  
3(8) -Pd(3) -0(31) 148.2( 	5) 3(7) - B(8) -3(12) 	61.6(10) 
B(8) -Pd(3) -C(32) 156.1( 	6) B(9) - 	3(8) -3(12) 62.0(10) 
3(8) -Pd(3) -C(33) 117.2( 	6) B(4) - 	B(9) - 	3(5) 	62.9( 9) 
C(31) -Pd(3) -0(32) 38.8( 	5) B(4) - 	3(9) - 	3(8) 59.1( 9) 
0(31) -Pd(3) -C(33) 68.2 ( 	 5) 3(5) - 	B(9) -B(10) 	57.8( 9) 
C(32) -Pd(3) -C(33) 38.9( 	5) 3(8) - 	3(9) -B(12) 58.7( 9) 
C(1S) - 	 S -C(2S) 101.2( 	6) B(10) - B(9) -3(12) 	63.8( 9) 
C(1S) - 	 S - 3(4) 103.5( 	6) B(5) -3(10) - 	B(6) 60.9( 9) 
C (2S) - 	 S - 3(4) 106.9( 	6) B(S) -3(10) - 	3(9) 	62.0( 9) 
Pd(3) - 	C(1) - 	C(2) 77.9( 	8) 3(6) -B(10) -3(11) 59.4( 9) 
Pd(3) - 	 0(1) - 3(4) 64.1( 	6) B(9) -3(10) -3(12) 	59.9( 9) 
C(2) - 	0(1) - 3(6) 61.6( 	9) B(11) -B(10) -B(12) 59.1( 9) 
3(4) - 	C(1) - 3(5) 61.6( 	8) C(2) -3(11) - 	B(6) 	58.0( 9) 
B(5) - 	 0(1) - 3(6) 60.2( 	8) C(2) -B(11) - 	3(7) 57.8( 9) 
0(1) - 	0(2) - B(6) 65.6( 	9) 3(6) -3(11) -3(10) 	58.7( 9) 
 - 	0(2) -B(11) 64.5(10)  -B(11) -B(12) 61.0( 9) 
3(7) - 	 0(2) -3(11) 65.6(10) 3(10) -B(11) -B(12) 	62.1( 9) 
Pd(3) - 	B(4) - 	C(1) 71.6( 	6) 3(7) -B(12) - 	B(8) 61.7(10) 
Pd(3) - 	 3(4) - 	B(8) 69.3( 	8) B(7) -3(12) -3(11) 	59.0( 9) 
S - 	3(4) - 	0(1) 114.0( 	8) 3(8) -3(12) - 	3(9) 59.3( 9) 
S - 	B(4) - 3(5) 110.0( 	8) 3(9) -B(12) -B(10) 	56.3( 9) 
S - 	3(4) - 3(8) 132.6(10) 3(10) -B(12) -3(11) 58.8( 9) 
S - 	 B(4) - B(9) 124.1( 9) Pd (3) -C(31) -C(32) 66.6( 7) 
C(l) - BM - 3(5) 59.0( 8) Pd(3) -C(31) -C(311 114.8( 8) 
B(5) - 	 B(4) - 	 3(9) 60.2( 8) C(32) -C(31) -C(311 124.7(11) 
B(8) - 	 B(4) - B(9) 62.0( 9) Pd(3) -C(32) -C(31) 74.6( 8) 
C(1) - B(5) - 	 B(4) 59.5( 8) Pd(3)   71.2( 8) 
C(1) - B(S) - 	 B(6) 58.7( 8) C(31) -C(32) -C(33) 117.4(12) 
B(4) - 3(5) - B(9) 56.8( 8) Pd(3) -C(33) -C(32) 69.9( 8) 
B(6) - B(5) -B(10) 61.4( 9) C(31) -C(311)-C(312 122.9( 9) 
B(9) - 	 B(S) -B(10) 60.2( 9) C(31) -C(311)-C(316 117.1( 8) 
C(1) - 	 B(6) - 	 C(2) 52.8( 8) 
and interplanar angles are tabulated below (table 3.8). 
Table 3.8 	 8a 	8b(1) 	8b(2) 
	
C2B3 0.102 	0.088 	0.127 
B5 0.059 	0.046 	0.016 
C2B3fB5 1.01 	1.83 	0.77 
Intrafacial bonds show the expected trend of B-B > B-C> C-C but in general are less 
symmetric than in 5 and 7, the two B-C and two B-B distances in each molecule 
differing significantly. 
The conformations adopted by the allyl ligand are such that a = 67.6 (8a), 56.94 
(8b(1)) and 55.200  (8b(2)). As for the ester substituted compound 7, these are 
intermediate values between the ideal allyl conformation adopted in (C 3H5)Pd(carb') 
(ca 960) and that predicted by calculations when slipping is neglected from the model 
(Ca. 360) (see later). 
The frontier MOs of {Pd(1-syn-Ph-C 3H4)J were determined by the EHMO 
method, using a model in which allylic H atoms were set in the C3 plane and the 
phenyl ring was twisted out of plane so that 8 (the average magnitude of the out of 
plane torsions of C(312) and C(316) with respect to C(32)) was 13 0. Bond lengths 
and angles within the {Pd(C 3H4Ph)) model are given in table 3.9. The resultant 
tilting angle, t, was 112.320 . 
Table 3.9 	 C-H 1.080 
	
PdB/Cfac i l  2.363 













Once again, the frontier orbitals are similar to those of (Pd(C 3H5
)), the main 
difference being the smaller HOMO - 2' HOMO gap of 1.26 eV (compared to 1.62 
eV), thus implying that a conformation in which a 96 0 
 should be electronically 
favoured. 
The results of a series of calculations on an idealised model of 8 in which a was 
varied but the metal slip parameter, ti, was set at OA, are presented graphically in 
figure 3.26 together with those for the alternative geometric isomer. The metal atom 
was set 1.835A above the C 2B3 face. 

















The overall curve shapes are similar to those determined for models of 
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(C3H4CO2Et)Pd(carb'), with minima occuring at a = 36 and -144 0 and maxima at the 
positions of greatest interligand crowding. The barriers to 360 0 rotation are larger 
due to the greater steric bulk of the phenyl substituent compared to CO 2Et; however, 
those between the two minimum energy conformations for both isomers are still low ( 
Ca. 0.56 and 0.46 eV) thus suggesting facile rotomer interconversion in room 
temperature solutions. Once again, the two geometric isomers are essentially equally 
thermodynamically stable and so should both be observed in n.m.r. spectra of the 
crude products. 
The crystallographically observed conformations are only slightly destabilised 
relative to that in which a = 36 0 (by less than 0.1 eV) suggesting that packing forces 
may come in to play in deciding the molecular conformations. This is supported by 
the variation in a values for the three different molecules. The observed 
conformations could therefore be viewed either as deviations from a = 96 0 due to 
interligand crowding, or as deviations from a = 360 due to packing forces; the former 
is surely more correct given the frontier MOs of (Pd(C 3H4Ph)). The EHMO 
calculations in which a was varied do indeed indicate that interligand crowding may 
be severe at 961 but is not in the adopted conformations. 
An additional factor that may have an effect on allylic orientation is the possibility 
of an attractive interaction between the phenyl it system and the relatively protonic 
cage carbon bound atom, H(1). This was suggested by anomalously low frequency 
signals due to one cage Cjf in each geometric isomer in the 'H n.m.r. spectrum. 
Figure 3.27 presents an alternative view of Sa, clearly showing that H(1) is positioned 
below the aromatic substituent. 
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Figure 3.27 
atelY i.85A14' and the van der 
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The adopted structureclearly shows minimacrowding between the phenyl and 
SMe2 substituents manifest in the angles of inclination of the SMe2 g
roup 
which 
are close to the ideal of 
26.570, and the bowing of the C
3  unit (table 3.10). The latter 
displacements of C(31) and C(33) from the B
5  belt (which 
is shown by the relative  
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are small) as well as the bowing angles, 3, which are close to 90°. 
8a 8b(l) 
8b(2) 
ZC(31) 	5.160 5.169 
5.184 
ZC(33) 	5.080 5.081 
5.069 
ZC(31) - ZC(33) 	
0.080 0.088 0.115 
Angle of Inclination of SMe2 	21.52 22.06 
23.28 
88.1 87.9 87.3 
Table 3.10 
A further cause of the minimal bowing away from the metal of C(31) is the attractive 
Ph ... H(1) interaction. 
As was observed in compounds 5 
and 7, allylic substituentS are bent out of the C 3 
plane. Angles of deviation from coplanarity are listed in table 3.11. H(31a) in all 
three molecules and H(33a) in 8a 
are bent away from the metal; all other substituefltS 
are bent towards it. 
8a 8b(1) 8b(2) 
H(31a) 33.51 12.13 14.48 
H(33a) 31.22 3.25 
1.94 
C(311) 9.81 10.73 
13.40 
H(33s) 9.57 1.09 0.50 
H(32) 24.39 0.01 0.02 
Table 3.11 
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In 8a, distortions at C(31) and C(33) are similar, the former being very slightly 
greater reflecting the weak inductive effect of the phenyl substituent. The 
considerably smaller distortions in 8b(1) and 8b(2) are a result of the longer Pd-C 11 
bonds (<Pd-C> = 2.024(19)A in 8a, 2.135(24)A in 8b(1) and 2.160(24)A in 8b(2)) 
and consequent reduction in rehybridisatiOfl of the carbon orbitals due to 
complexation. 
An additional type of distortion that has been observed in earlier complexes of 
C3H4Ph is a twist about the C(31)-C(31 1) bond, so that the phenyl and allyl units are 
not coplanar. For the three molecules of compound 8 this has been measured as the 
average of the two torsions C(32)-C(31)-C(31 1)-C(312) and 
C(32)C(31)-C(311)-C(3l6) defined as 0. This twisting acts in conjunction with a 
widening of the angle C(32)-C(31)-C(31 1) beyond 120 0  (to 121.78(77), 127.36(117) 
and 124.69(109) °) to alleviate crowding between H(316) and H(32) (figure 3.28), 
although even with these distortions interatomic distances are short at 2.149(79), 
2.252(17) and 2.260(16)A respectively. 
Figure 328 
It should be noted that twisting acts at the expense of conjugation between the two 7E 
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systems, indeed there seems to be a correlation between 0 and the C(31)-C(31 1) bond 
length: 
C(31)-C(311) (A) 
8b(2) 	11.81 	1.467(15) 
8a 	13.81 	1.486(11) 
8b(1) 	14.08 	1.505(16) 
An additional interesting feature is that Pd-C(31) is longer than Pd-C(33) by 
0.385(17) (lOa), 0.039(19) (10b(1)) and 0.090A (10b(2)), these differences being 
greater than those measured in (C 3H5)Pd(carb') (0.019(6)A) and 
(C3H4CO2Et)Pd(carb') (0.012(9)A). The minimal allylic bowing and depression of 
SMe2 however indicate that this is not the result of interligand crowding but may be 
influenced by electronic factors. Earlier studies have shown that not only are the 
allylic it orbitals altered on substitution of a phenyl group at the 1-syn position, but 
that twisting about the C(31)-C(31 1) bond leads to further modifications 81 . The it 
orbitals of C 3H4Ph in a conformation where the twist, 0 is 13 0, are sketched in figure 
3.29. The it orbitals are not significantly involved in metal-allyl bonding so have 
been omitted. The non-bonding orbital is effectively unchanged from that of C 3H5 in 
that the coefficients on C(31) and C(33) are almost identical in magnitude and there 





The Tc,, ic and it3 orbitals are evenly delocalised over the allyl carbon atoms and will 
therefore make no contribution to the observed asymmetric bonding. They are also 
low-lying, resulting in a poor energy match and hence little interaction with the metal 
orbitals. The higher lying 7t4 orbital, however, is localised predominantly at C(33) so 
that interaction with metal d m2, pz and s valence orbitals will result in asymmetric 
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ligation, with the metal effectively slipped towards C(33), thus explaining the 
shortness of the Pd-C(33) bond compared to Pd-C(31). 
Conclusions 
(C3H4Ph)Pd(carb'), like compound 7, exists in two isomeric forms as shown by its 
'H and "B n.m.r. spectra. In each species, H(3 la) and one of the cage carbon bound 
H atoms experience strong deshielding and shielding respectively, due to their 
proximities to the aromatic substituent. This leads to the high frequency chemical 
shifts of the H(31a) signals and anomalously low frequency cage CH peaks. 
Compound 8 crystallises in two forms, one containing two crystallographically 
independent molecules. Both forms only contain molecules of the same geometric 
isomer. 
The conformation adopted by the allyl ligand with respect to the cage differs from 
the ideal (as defined by (C3H5)Pd(carb')) as a result of interligand crowding and an 
attractive interaction between H(l) and the phenyl substituent. Minimal crowding 
between the phenyl and SMe 2 groups is indicated by the only small depression of 
SMe2 below its preferred angle of elevation and the slight bowing of the C 3 unit. 
The phenyl substituent is twisted out of the allyl plane by ca. 13 0 which, in 
conjunction with a widening of C(32)-C(31)-C(31 1), helps to alleviate crowding 
between H(32) and the nearest phenylic H atom, H(316). This leads to loss of 
conjugation between the two it systems (observed in the C(31)-C(311) bond length) 
and, via modification of the allyl it orbitals, to asymmetric Pd-allyl bonding, shown 
by the Pd-C 1 bond lengths. 
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General Conclusions for Chapter 3 
Compounds 5-8 comprise a series of palladium allyl complexes of [carb'] that 
were prepared by similar routes to their cyclopentadienide analogues. 
Their 'H n.m.r. spectra indicate that in each case neither ic-cs-ic rearrangements nor 
flipping of the 7 3  allyl group occurs in room temperature solutions. The 'H and "B 
spectra of 7 and 8 show the presence of two geometric isomers. 
The molecular structure of 5 exhibits a different conformation to the MIL 2 
complexes described in chapter 2 as well as a substantially larger metal slip 
parameter. These have been traced to the considerable differences in the frontier 
molecular orbitals of (Pd(C 3H5) ) - compared to { Rh(CO)2) -. 
The conformation adopted by the crystallographically observed isomer of 7 
deviates from that of compound 5 as a result of crowding between the ester 
substituent and the pendant cage bound SMe 2 group. A similar deviation in 8 is due 
not only to interligand crowding but also to an attractive interaction between the 
phenyl ring and H(1). 
Twists about the C(31)-C(31 1) bonds, such that the substituents are not coplanar 
with the C3 allyl units, are observed in 7 and 8. In the former case this is to maintain 
interactions between 0(1) and H(32) and between 0(2) and H(31a), the allylic H 
atoms themselves being bent out of the C 3 plane on coordination to the metal centre. 
In compound 8 the twist about C(3 I)-C(31 1)  acts in conjunction with a widening of 




Recent studies have shown that involvement of the nido-icosahedral ligand 
[7,8-Ph2-7,8-nido-C2B9H9]2  in transition metal complexes can induce interesting and 
unusual structural deformations within the cluster framework 1211 ' 127 
In order to comment meaningfully on these distortions, it was necessary to obtain 
full structural information on the ligand itself, which is most conveniently studied as 
the partially protonated anion, [7,8-Ph 2-7,8-nido-C2B9H10]. In this chapter, the 
crystallographically determined structures of [HNEt 3] [7,8-Ph2-7,8-nido-C2B9H10] 
([HNEt3]9) and exo--4,9- { Rh(PPh3) } -7,8-Ph2-7,8-nido-C2B9H10 (lOa) are 
reported and discussed. 
The latter compound is a further example in the series of complexes 
Rh(PPh3)2C2B9H,0RR' which have been shown to act as precursors to catalysts of a 
variety of reactions 810 ' 1218. It has been suggested that it is the Rh' exo-nido 
tautomers of these species (which exists in equilibrium with closo-icosahedral Rh 
forms) that are in fact the catalyst precursors 16. Compound lOa was targetted with 
the specific aim of producing an equilibrium mixture containing a high proportion of 
the exo-nido form because of the steric requirements of the phenyl substituents. This 
should lead to a more efficient catalytic system than one involving less hindered 
analogues that exist more predominantly as the closo tautomer. 
The synthesis of [HNEt3]9 and n.m.r. studies on both compounds have been 
discussed elsewhere 48  so are only briefly reviewed in this chapter. Full synthetic 
and spectroscopic data are however reported in chapter 5, section 1. 
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[HNEt3] [7,S-Ph2-7,8-nido-C2B911 o]  [HNEt3]9 
Characterisation 
The 1H n.m.r. spectrum of [HNEt3]9 confirms that it is a 1:1 salt. The 11B-{'H) 
spectrum provides further insight into the structure of the anion 9, the relative 
integral ratios, 2:1:2:2:1:1, indicating the expected C symmetry in which B(1), B(3) 
and 13(10) are unique and lie in the molecular mirror plane. The second lowest 
frequency signal, which originates from a unique boron atom, is split into a doublet of 
doublets on retention of proton coupling and can therefore be assigned to B(10), the 
most likely of the three unique cage atoms to be bound to both an exo- and an 
endo-hydrogen atom. All other signals exhibit only coupling to exopolyhedral H 
atoms (concluded from the characteristic 1BH  coupling constants) again implying that 
the additional facially bound hydrogen is not a bridging atom but forms a fBH 2 ) unit 
at B(1O). 
This is entirely consistent with the structures of [7,8-nido-C2B9H12] 87 , 
[7-(CH2OMe)-7,8-nido-C2B9H1 ].88  and 
7,8-(CH2OMe)2Li(thf)2-7,8-nido-C2B9H1089 , all of which show a B(10)-bound endo 
H atom at the cage face. 
Structural Study on [HNEt3]9 
Figures 4.1 and 4.2 show perspective and plan views of the anion 9 with the 
adopted labelling scheme. H atoms have the same number as the boron or carbon to 
which they are bound except for the endo-H atom which is labelled H(12). Selected 
interatomic distances and interbond angles, including those of the cation [HNEt 3], 
are presented in table 4.1. Final atomic coordinates and thermal parameters are 
reported in chapter 5, section 2. 







Table 4.1 Selected Interatomic Distances (A) and Interbond Angles (°) in 
{HN (C2H5)3} [7 ,8-Ph2-7 , 8-nido-7 ,8-C 2B 9H 10] 
3(1) - 	3(2) 1.766 ( 8) (10) -B(11) 1.795( 	8) 
B(l) - 	3(3) l.738( 8) C(71) -C(72) 1.379( 	7) 
3(1) - 	B (4) 1.747 ( 8) 0(71) -c (7 6) 1.376( 	7) 
B (1) - B (5) 1.779  ( 8) C (72) -C(73) 1.391 ( 	 9) 
B (1) - 3(6) 1.802 ( 8)  -C (74) 1.371(10) 
3(2) - B (3) 1.741 ( 8)  -0(75) 1.374(10) 
3(2) - 	3(6) 1.764( 8) 0(75) -C(76) 1.381( 	8) 
3(2) - 	C(7) 1.716( 7) C(81) -C(82) 1.383( 	6) 
B(2) -B(11) 1.778( 8) 0(81) -C(86) 1.394( 	6) 
3(3) - 	3(4) 1.729( 8) C(82) -C(83) 1.382( 	7) 
3(3) - 	0(7) 1.758( 7) C(83) -C(84) 1.367( 	8) 
B(3) - 	 0(8) 1.731( 7) 0(84) -C(85) 1.389( 	8) 
B(4) - B(S) 1.735( 8) C(85) -C(86) 1.369( 	7) 
3(4) - 	 0(8) 1.704(  N -C(11A) 1.437(16) 
B(4) - 	B(9) 1.799(  N -C(11B) 1.873(16) 
B(S) - 	3(6) 1.820( 8) N -C(21B) 1.48( 	3) 
3(5) - 	3(9) 1.775( 8) N -C(21A) 1.654(16) 
3(5) -3(10) 1.794( 8) N -C(31A) 1.60( 	3) 
B(6) -3(10) 1.769( 8) N -C(31B) 1.704(21) 
3(6) -B(11) 1.753( 8) C (hA) -C (12) 1.618(18) 
0(7) - 	C(8) 1.590( 5) C(11B) -C(12) 1.363(19) 
C(7) -B(11) 1.631( 7) C(213)-C(223) 1.49( 	4) 
C(7) -C(71) 1.489( 6) C(21A)-C(22A) 	1.682(22) 
0(8) - 3(9) 1.638( 7) C (31A) -C (32A) 	1.43( 	3) 
0(8) -0(81) 1.505( 5) C(313)-C(323) 1.46( 	3) 
3(9) -3(10) 1.839( 8) 
3(2) - 	B(1) - 3(3) 59.6( 3) 3(4) - 	C(8) -C(81) 	120.6( 3) 
3(2) - 3(1) - 	3(6) 59.2( 3) 0(7) - 	 0(8) -C(81) 	118.6( 3) 
3(3) - 	3(1) - B(4) 59.5( 3) 3(9) - 	0(8) -0(81) 	118.4( 3) 
3(4) - 3(1) - B(5) 58.9( 3) B(4) - B(9) - 	3(5) 58.1( 3) 
3(5) - 	B(1) - 3(6) 61.1( 3) 3(4) - B(9) - 	 0(8) 	59.2( 3) 
3(1) - 	3(2) - 3(3) 59.4( 3) 3(5) - B(9) -B(10) 59.5( 3) 
3(1) - 3(2) - 3(6) 61.4( 3) B(5) -B(10) - 	B(6) 	61.4( 3) 
3(3) - 3(2) - 	0(7) 61.1( 3) 3(5) -3(10) - 	B(9) 58.5( 3) 
3(6) - 3(2) -3(11) 59.3( 3) B(6) -3(10) -3(11) 	58.9( 3) 
C(7) - B(2) -3(11) 55.6( 3) B(2) -B(11) - 	B(6) 60.0( 3) 
3(1) - 3(3) - 	3(2) 61.0( 3) B(2) -3(11) - 	 0(7) 	60.3( 3) 
3(1) - 3(3) - 	3(4) 60.5( 3) 3(6) -3(11) -B(10) 59.8(  
3(2) - 	3(3) - 	0(7) 58.8( 3) C(7) -C(71) -0(72) 	123.4(  
3(4) - 3(3) - 	 0(8) 59.0( 3) C(7) -C(71) -0(76) 	119.3( 4) 
C(7) - 3(3) - 	 0(8) 54.23(25) 0(72) -C(71) -C(76) 	117.2( 4) 
3(1) - 	3(4) - 3(3) 60.0( 3) 0(71) -0(72) -C(73) 	121.6( 5) 
3(1) - 3(4) - 3(5) 61.4( 3) 0(72) -0(73) -C(74) 	120.2( 6) 
3(3) - 	3(4) - 	C(8) 60.6( 3) C(73) -C(74) -C(75) 	118.7( 6) 
B(5) - 	3(4) - 	3(9) 60.3( 3) C(74) -C(75) -0(76) 	120.7( 6) 
0(8) - B(4) - 	B(9) 55.7( 3) 0(71) -0(76) -C(75) 	121.6( 5) 
3(1) - 	3(5) - 	3(4) 59.6( 3) 0(8) -C(81) -0(82) 	123.0( 4) 
3(1) - 3(5) - 	3(6) 60.1( 3) 0(8) -C(81) -0(86) 	118.8( 4) 
3(4) - 	3(5) - 	3(9) 61.7( 3) 0(82) -C(81) -0(86) 	118.1( 4) 
B (6) - 3(5) -B(10) 58.6( 3) -C(82) 	-C(83) 	120.7( 	4) 
8(9) - 	3(5) -3(10) 62.0( 3) -C(83) 	-C(84) 	120.8( 	5) 
3(1) - 	B(6) - 	3(2) 59.4 ( 3) C (83) 	-C (84) 	-C (85) 	118.9( 	5) 
3(1) - 	3(6) - B(5) 58.8( 3) C(84) 	-C(85) 	-C(86) 	120.6( 	5) 
8(2) - 	3(6) -8(11) 60.7( 3) C(81) 	-C(86) 	-C(85) 	120.8( 	4) 
3(5) - 	B(6) -3(10) 60.0( 3) C(11A)- 	N -C(21A)111.5( 	9) 
8(10) - 	3(6) -3(11) 61.3( 3) C(11A)- N 	-C(31A)108.2(12) 
B(2) - CM - 	B(3) 60.1( 3) C (113)- 	N -C(21B)113.3(14) 
3(2) - 	C(7) -8(11) 64.1( 3) C(11B)- N 	-C(313)102.8( 	9) 
8(2) - 	C(7) -C(71) 120.6( 3) C (213)- 	N -C(31B)131.7(15) 
3(3) - 	C(7) - 	C(8) 62.0( 3) C(21A)- N 	-C(31A)104.1(12) 
3(3) - 	C(7) -C(71) 118.8( 3) N 	-C (hA) -C (12) 	114.0(10) 
C(8) - 	C(7) -C(71) 118.6(  N -C (118) -C (12) 	103.7 (10) 
B(11) - 	C(7) -C(71) 118.1(  N 	-C(213)-C(223)104.3(21) 
3(3) - 	C(8) - 	3(4) 60.4( 3) N -C(21A)-C(22A)106.8(10) 
3(3) - 	C(8) - 	C(7) 63.7( 3) N 	-C(31A)-C(32A)115.1(20) 
3(3) - 	C(8) -C(81) 117.6( 3) N -C(31B)-C(32B) 	99.8(13) 
3(4) - 	C(8) - 	3(9) 65.1( 3) 
predicted by its 'B n.m.r. spectra, with a mirror plane passing through B(1), B(3) and 
B(10). The cage suffers partial disorder shown by residual electron density 
(0.64ek3 ) in the position of the twelfth icosahedral vertex, a fairly common 
occurrence in nido-icosahedral heteroboranes. This is presumably due to incomplete 
population of the B(3) position. The structure was, however, solved assigning full 
occupancy to B(3). The occurrence of this "ghost" atom above the open face 
prevented detection of the additional hydrogen, which was therefore modelled as a 
B(10)-bound endo-H by analogy with the structurally characterised anion 
[C2B9H12], and consistent with n.m.r. analysis. 
The [HNEt3] cation is itself severely disordered, all carbon atoms except one 




C(32o) 	C(32b) 	C(31b1 	C(21& '' 
C(22b) 
The non-hydrogen atoms of the cation were therefore refined isotropically with a 
population parameter of 0.5 assigned to each disordered carbon position. H atom 
positions within the cation were not determined. 
Structure of 9 
The main deviations from a symmetrical geometry in the anion 9, are in the slight 
folding of the C 2B3 face and lower B5 girdle, and in the orientations of the phenyl 
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rings. 
In crystals of molecules containing aromatic rings, graphitic packing is sometimes 
observed which can affect molecular geometries and conformations. This involves 
alignment of the aromatic groups in a parallel fashion so that perpendicular distances 
are close to 3.7A (the thickness of a benzene ring). 
Packing diagrams for [HNEt 3]9 do show that molecules are lined up so that the 
phenyl rings become parallel to each other, however, the shortest inter-planar 
distance between rings is 4.872A indicating that no such interactions take place. The 
orientations of the phenyl rings are therefore not affected by this type of crystal 
packing force. 
Folding can be described by the angles 1 and 9104,  subtended by the three and four 
atom portions of the C2B3 face when it is folded into an envelope conformation. 
These are measured with respect to the perpendicular to the lower, more planar, B 5 
belt that passes through the B 5 centroid (figure 4.4): 
Figure 4.4 
As is usually the case, the C2B3 pentagon in 9 is less planar than B 5  (cYc 3  = 0.049A, 
= 0.003A). It is folded into an approximate inverted envelope conformation 
about the C(8) ... B(lO) vector, such that B(8) and B(lO) are displaced towards the 
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lower belt. The three and four atom portions (C(8),B(9),B(10) and C(7), C(8), B(10), 
B(1 1)) subtend almost negligible angles of 3.44 and 0.92 0, the dihedral angle 
between C2B3 and B5 planes (0.350)  indicating that they are essentially parallel. 
Table 4.2 lists average intrafacial connectivities in 9 together with corresponding 
distances in the parent compound 1,2-Ph2-1,2-c1oso-C2B 10H10120 and in the 





C-C B-C B-B 
1.590 1.635 1.817 
1.727 1.710 1.767 
[btma][c2B9H12] 1.542 	1.610 	1.833 
9 contains shorter C-C and facial B-C bonds and longer facial B-B bonds than 
Ph2C2B 10H10. These changes, which occur on the effective replacement of a capping 
{BH} 2 unit by H at the cage face, are analogous to the variations previously noted 
in comparison of [CuPPh 3C2B9H11 ] 149 and [C2B9H12] ({ BH) 2 is isolobal to 
{ CUPPh3  }). These have been traced to the differing natures of the frontier orbitals 
of H (a 0 electron, 1 orbital unit) and (CuPPh 3 ) (0 electron, 3 orbitals) and their 
abilities to overlap with and depopulate the it MOs of ( C2B9H11 ) 2 by different 
degrees 112. The similar intrafacial distances in 9 and [C 2B9H12] suggest that the 
connectivities certainly are dependent on whether the cluster has a nido- or 
closo-icosahedral geometry. 
Of particular interest is the short C-C bond length in 9 which shows that the 
carbon atoms can approach reasonably closely despite their phenyl substituents. This 
distance is, however, slightly longer than that in [CB 9H12] due, presumably, to the 
same electronic factors that lead to a longer cage C-C bond in Ph 2C2B 10H10 than in 
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C2B 10H12. EHMO calculations on idealised models showed that reduced overlap 
populations for the C-C interaction increased (relative to C 2B 10H12) if the phenyl 
substituents were coplanar with the bond (0 = 90 0) but decreased in a perpendicular 
conformation (0 = 00) due to loss of conjugation between the cage and the phenyl ir 
systems. In 9, the phenyl rings are close to a perpendicular conformation with 0 = 
5.60 (C(71)-C(76)) and 10.020 (C(81)-C(86)). Presumably, a structure in which the 
phenyl substituents are coplanar is not adopted as a result of the intramolecular 
crowding that would be incurred between phenyl H(ortho) atoms. 
A final point of interest is the variation in the angles of elevation of the facial 
substituents, x' (figure 4.5) which are measured with respect to the lower B 5 plane'°5 . 
U 
X --  
Figure 45 
The angles for the two cage bound phenyl groups are similar at 31.22 and 29.72 0, as 
are those for H(9) and H(1 1) (33.51 and 35.39 respectively). H(10) however, shows a 
considerably reduced angle of inclination of 18.79 0, thus supporting the postulation 
that the "additional" H atom, H(12), is endo-bound to B(10) resulting in the observed 
depression of H(10). 
Conclusions 
[7,8-Ph2-7,8-nido-C2B9H10] adopts a structure exhibiting approximate C 
symmetry (as predicted by its ' 1 B-( 1H} n.m.r. spectrum) with an approximate mirror 
plane through B(1), B(3) and B(10). The cage C-C bond is substantially shorter than 
that in 1,2-Ph2-1,2-closo-C2B 10H10 as a result of its nido-icosahedral geometry but is 
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longer than in the unsubstituted analogue [C2B9H12] due to the essentially 
perpendicular conformations of the phenyl substituents. 
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exo--4,9-{Rh(PPh 3)2}-7,8-Ph 2-7,8-nido-C 2B9H10, lOa 
Synthesis 
One equivalent of [HNEt3]9 was added to a frozen solution of Rh(PPh 3 )3C1 in 
methylene chloride. The reaction mixture was allowed to warm to room temperature 
and was then stirred for a further 3 hours. Elution of the red product mixture by 
CH2C12  on a florisil column afforded a pink product (lOa) which was crystallised by 
slow diffusion of n-hexane into a CH 2C12 solution at -30°C. Further elution of the 
residue by CH3CN yielded a second product (lOb) which was isolated as an oily 
yellow solid by evaporation in vacuo. 
Both lOa and lOb are highly air sensitive in solution at room temperature but can 
be stored at -30°C for long periods in the solid state. 
Characterisation 
The 31 P-{ 1H} n.m.r. spectrum of lOa exhibits a single doublet with a chemical 
shift (ö 45.lppm) and coupling constant (IJW = 187Hz) characteristic of a square 
planar Rh' exo-nido species 129 . The closo bisphosphine hydrido-carbarhodaboranes 
tend to exhibit signals at lower frequencies with smaller rhodium-phosphorous 
coupling constants, as well as coupling to the metal bound H atom 129. The single 
doublet also implies fluctional behaviour of the {Rh(PPh 3)2 } unit, equivalent to 
unrestricted rotation about the local C 2 axis (of the RhP2 moiety). 
The B-('H} spectrum is consistent with a single compound and shows a very 
similar pattern of signals to that for 9, the two low frequency signals, in particular, 
being typical of a nido-icosahedral dicarbaborane. On retention of proton coupling, 
the second lowest frequency signal is substantially broadened, although distinct 
coupling constants are unresolved. 
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If the facially bound H atom bridges a B-B connectivity rather than adopting an 
endo position, broadening of signals arising from B(9), B(1 1) or both (for a fluctional 
system) might be expected. Unfortunately, the higher frequency signals (ö -14.04 - 
-15.53ppm) overlap, so that broadening of individual peaks is difficult to detect. The 
nature of the additional H atom could not, therefore, be conclusively determined. 
N.m.r. spectra for the second, yellow reaction product (lOb) also suggest a 
nido-icosahedral carbaborane framework and fluctionality of the (Rh(PPh 3)2 ) unit 
rendering the two phosphine ligands equivalent. 
Structural Study on lOa 
A structural study was performed on a pink crystal of lOa, primarily to determine 
its geometry in the solid state, the solution n.m.r. spectra giving no indication of the 
preferred site or conformation of the exopolyhedral (Rh(PPh 3)2 ) group. 
Crystallisation from CH2C12/n-hexane yielded crystals containing one methylene 
chloride molecule per molecule of lOa. 
The cage framework suffers the same form of partial boron disorder as was 
observed for the anion 9, residual electron density appearing at the twelfth vertex 
position, 1.68 - 1.77A from the facial atoms B(7) to B(1 1). The structure was solved 
assigning 0.667 occupancy to B(3) and 0.333 to B(12) (not shown in the following 
diagrams). The position of the additional partial atom B(12) prevented detection of 
the facially bound H atom (H(12)) which could be either endo bound to B(10) or 
bridging a B-B connectivity. 
A plan view of lOa is presented in figure 4.6, showing the cage labelling scheme 
(all hydrogens have the same number as the boron or carbon to which they are bound 
and have been omitted for clarity). Figure 4.7 presents an alternative view, more 















Table 4.3 Selected Interatomic Distances (A) and Interbond Angles (°) in lOa 
Rh - P(1) 
Rh - P(2) 
Rh - 8(4) 
Rh - B(9) 
P (1)-C (111) 
P (1)-C (121) 
P (1)-C (131) 
P(2)-C(211)  
P (2)-C (221) 
P(2)-C(231)  
B(1) - 8(2) 
3(1) - 8(3) 
8(1) - B(4) 
3(1) - 3(5) 
8(1) - 3(6) 
B(2) - 8(3) 
3(2) - B(6) 





















8(3) - B(4) 
8(3) - C(7) 
3(3) - 	C(8) 
B(4) - 3(5) 
8(4) - 	C(8) 
8(4) - 8(9) 
8(5) - 8(6) 
3(5) - 8(9) 
8(5) -8(10) 
8(6) -8(10) 
B (6) -B (11) 
C(7) - C(8) 
C(7) -8(11) 
 -C(71) 






















P(1) - Rh - P(2) 
P(1) - Rh - 8(4) 
- Rh - 8(9) 
- Rh - 8(4) 
P(2) - Rh - B(9) 
3(4) - Rh - B(9) 
Rh - P(1) -C(111) 
Rh - P(1) -C(121) 
Rh - P(1) -C(131) 
C (111)-P (1)-C (121) 
C (111)-P (1)-C (131) 
C (121) -P (1)-C (131) 
P (1)-C (111)-C (112) 
P (1)-C (111)-C (116) 
P (1)-C (121) -C (122) 
P (1)-C (121)-C(126) 
P (1)-C (131) -C (132) 
P (1)-C (131)-C(136) 
Rh - P (2) -C (2 11) 
Rh - P(2) -C(221) 
Rh - P(2) -C(231) 
C (211) -P (2) -C(221) 
C (211) -P (2) -C (231) 
C (221)-P (2)-C (231) 
P (2) -C (211) -C(212) 
P (2) -C (211) -C (216) 
P (2) -C (221) -C(222) 
P (2) -C (221)-C (22 6) 
P (2) -C (231) -C (232) 
P (2)-C (231)-C (236) 
3(2) - 8(1) - 8(3) 
3(2) - 8(1) - 8(6) 






43.1 ( 3) 
114.66(15) 





124.9 ( 3) 
115.1 ( 3) 
118.9 ( 3) 
121.1 ( 3) 
116.9 ( 3) 







120.4 ( 3) 
119.6 ( 3) 
118.2 ( 3) 
121.8 ( 3) 
117.7 ( 4) 
122.3 ( 4) 
57.8 ( 6) 
59.3 ( 5) 
58.1 ( 6) 
Rh 	- 8(4) - 	C(8) 102.8( 4) 
Rh - 8(4) - 8(9) 68.8( 4) 
3(1) 	- 8(4) - 8(3) 60.5( 6) 
3(1) 	- B(4) - B(5) 60.6( 5) 
3(3) 	- 8(4) - 	C(8) 61.3( 5) 
B(5) 	- B(4) - B(9) 59.4( 5) 
C(8) 	- B(4) - B(9) 57.6(  
3(1) - B(5) - 8(4) 59.8(  
3(1) - B(5) - 8(6) 59.9( 5) 
8(4) - B(5) - B(9) 59.5( 5) 
3(6) - B (5) -B (10) 60.8 ( 5) 
8(9) - B (5) -B (10) 59.9 ( 5) 
3(1) - 8(6) - 	3(2) 60.6(  
3(1) - 3(6) - B(5) 59.7( 5) 
8(2) - 8(6) -B(11) 61.3( 6) 
3(5) - 8(6) -B(10) 59.0( 5) 
B(10) - 3(6) -8(11) 60.4( 6) 
3(2) - C(7) - B(3) 60.9( 6) 
3(2) - C(7) -B(11) 65.3(  
3(2) - C(7) -C(71) 121.7(  
3(3) - C(7) - 	C(8) 62.9(  
3(3) - C(7) -C(71) 117.9(  
C(8) - C(7) -C(71) 117.5( 5) 
B(11) - C(7) -C(71) 120.9( 6) 
3(3) - C(8) - B(4) 60.3( 5) 
3(3) - C(8) - 	C(7) 62.7(  
3(3) - C(8) -C(81) 119.0(  
3(4) - 	C(8) - 	8(9) 63.1(  
8(4) - 	C(8) -C(81) 121.9(  
C(7) - C(8) -C(81) 116.9( 5) 
3(9) - 	C(8) -C(81) 119.5( 5) 
Rh 	- B(9) - 	8(4) 68.1( 3) 
Rh - B(9) - B(5) 89.9( 4) 
B(4) - 	3(1) - 	5(5) 59.7 ( 	 5) Rh - 	B(9) - 	C(8) 103.3( 4) 
3(5) - 	5(1) - 	3(6) 60.4 ( 	 5) Rh - 	 3(9) -3(10) 142.1( 5) 
3(1) - 	3(2) - 3(3) 59.8 ( 	 6) B(4) - 	3(9) - 3(5) 61.0( 5) 
3(1) - 	B(2) - 	B(6) 60.0 ( 	 6) B(4) - 3(9) - 	C(8) 59.3( 4) 
5(3) - 	B(2) - 	C(7) 61.2 ( 	 6) 3(5) - 	B(9) -B(10) 61.0( 5) 
5(6) - 	3(2) -3(11) 59.4 ( 	 6) 3(5) -3(10) - 	3(6) 60.2( 5) 
C(7) - 	3(2) -3(11) 57.9 ( 	 5) B(5) -3(10) - 	3(9) 59.1( 5) 
3(1) - B(3) - 3(2) 62.4 ( 	 6) 3(6) -3(10) -B(11) 58.9( 5) 
5(1) - 3(3) - B(4) 61.4 ( 	 6) 5(2) -5(11) - 	5(6) 59.4( 6) 
B(2) - B(3) - 	C(7) 57.9 ( 	 6) 3(2) -3(11) - C(7) 56.8( 5) 
3(4) - 	3(3) - 	C(8) 58.5 ( 	 5) 5(6) -3(11) -5(10) 60.7( 6) 
C(7) - 	3(3) - 	C(8) 54.4 ( 	 5) C(7) -C(71) -C(72) 120.7 ( 5) 
Rh 	- B (4) - 	3(1) 142.1 ( 	 5) C (7) -C (7 1) -C (7 6) 119.2 ( 5) 
Rh - 3(4) - 	3(3) 157.3 ( 	 6) C(8) -C(81) -C(82) 120.9 ( 5) 
Rh 	- 3(4) - 	 3(5) 89.7 ( 	 4) C (8) -C (8 1) -C (8 6) 119.1 ( 5) 
for the exopolyhedral group. Selected interatomic distances and interbond angles are 
listed in table 4.3 and final atomic coordinates and thermal parameters are reported in 
chapter 5, section 2. 
Figure 4.6 clearly shows that. lOa adopts an exo-nido structure, as predicted by 
n.m.r. studies, in which the cage is ligated to the rhodium atom at B(4) and B(9) 
through two, mutually cis, three centre two electron Rh-H-B bonds. 
Figure 4.7 shows that the metal is in an essentially square planar environment, 
with B(4) trans to P(l) and B(9) trans to P(2). The two Rh-P bonds are almost 
perpendicular (P(l)-Rh-P(2) = 96.250) with bond lengths and angles close to those 
previously determined for RhP 2 exo-nido species 130. 
The two rhodium to boron distances (2.368(7) and 2.381(8)A) and rhodium to 
bridging hydrogen distances (2.007(78) and 1.896(82)A) are also within the usual 
ranges, as are the angles B(4)-Rh-B(9) (43.06(26) 0), B(4)-Rh-P(l) (151.85(19) 0), 
B(9)-Rh-P(2) (154.04(19) 0) and H(4)-Rh-H(9) (97.6(33) 0)10. B(4) shows the 
greatest displacement (0.078A) from the RhP 2B2 plane (cr =0. 126A). 
Two of the phosphorus bound phenyl rings (C(l 1 l)-C(l 16) and C(221)-C(226)) 
are "graphitically packed" lying parallel to each other with an interplanar distance of 
3.541A (figure 4.8). 
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Figure 4.8 
The C2133 face and lower B 5 ring are essentially planar (a = 0.044 and 0.034A 
respectively) and parallel (ö = 1.3 1°), the C 2133 face exhibiting a distorted inverted 
envelope conformation as was observed in 9, but with C(7) and 13(10) displaced 
towards the lower belt. 
The angles of elevation of the two cage bound phenyl carbons are similar at 29.37 
and 31.330 (with respect to 13 5), and almost identical to the angles determined for 9. 
Once again, H(10) shows the greatest depression (X = 14.550) thus indicating a facial 
bridging or endo hydrogen atom bound to B(10). H(9) and H(1 1) both show smaller 
elevation angles than in 9, of 25.44 and 20.18 0. For H(9) this is no doubt due to its 
B(9)-Rh bridging position, however, the depression of H(1 1) suggests that the facial 
atom may not be bound solely to B(10) but may bridge the B(10)-B(1 1) connectivity, 
favouring B(10). 
Intrafacial connectivities show the usual trend of B-B > B-C> C-C and are similar 
to those in 9. The C-C bond is again rather short (1.580(9)A), as a feature of the 
nido-icosahedral structure of lOa, and the two phenyl substituents are essentially 
perpendicular to the plane containing the two CcageCphy1  bonds, with 0 values of 
3.38 (C(71)-C(76)) and 9.850 (C(81)-C(86)). 
Conclusions 
lOa adopts a structure in which the { Rh(PPh 3)2  } group is exopolyhedrally bound 
to B(4) and B(9) via two three centre, two electron bonds and coordination at the 
metal is essentially square planar. The structural parameters of the C 2139 framework 
are extremely similar to those of 9; notably, the cage C-C bond is still short and the 
phenyl rings are slightly twisted, away from orthogonality, in a conrotatory fashion. 
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General Conclusions for Chapter 4 
The anion 9 and compound lOa are two further examples of molecules containing 
the (Ph2C2B9H9 ) moiety. 
The formation of only exo-nido products (lOa and lOb) on reaction of [HNEt 3]9 
with Rh(PPh3 )3C1 supports the hypothesis that the proportion of exo-nido tautomers 
can be increased by employing bulky cage substituents. 
9 exhibits approximate C symmetry in the solid state whereas lOa contains an 
exopolyhedral (Rh(PPh3)2 ) group bound at B(4) and B(9); both show similar 
structural characteristics to their various analogues. 
The short cage C-C distances in both, compared to the parent species 
closo-Ph2C213 10H10, are due predominantly to their nido-icosahedral geometries. The 
almost perpendicular orientations (with respect to the C pheny1Cce C ge Cpheny1 




This chapter details the experimental procedures leading to the results presented 
and discussed in chapters 2-4 and is divided into three sections. 
Section 1 
Section 1 gives details of the syntheses and, where available, spectroscopic and 
analytical data of compounds 1 - 10. 
Section 2 
Section 2 describes the crystallographic techniques employed in the determination 
of structures of compounds 1, 2, 4, 5 and 7 - 10. Also included in this section are the 
fractional coordinates and thermal parameters of atoms in these compounds and the 
crystal data of compounds 3 and 6 whose structures were not determined. 
Section 3 
Section 3 describes the general methodology of extended Mickel molecular orbital 





All reactions were carried out under dry, oxygen-free nitrogen, using standard 
Schienk line techniques, with some subsequent manipulations in air. 
Dichioromethane (dried over CaH), n-hexane (sodium wire), acetonitrile (P 205), 
methanol (Mg/I2) and ethanol (Mg112) were freshly distilled before use; diethyl ether 
was dried over sodium wire. Infra-red spectra were recorded as solutions in CaF 2 
cells, referenced against the appropriate solvent, on a Perkin-Elmer 598 
spectrophotometer. N.m.r. spectra were recorded at ambient temperature unless 
otherwise stated on Brucker WP360 ( 11 B, 11B-{'H}, 1H and 31P-{ 1H)), Bruker 
WP200SY ("B, "B-('H), 'H and 31P-( 1H)) and Bruker WY80SY ('H) 
spectrometers. Chemical shifts are reported relative to external SiMe 4 ('H), 
BF30(C2H5)2 ("B) and 85% H3PO4 (31P), with positive shifts to high frequency. 
Microanalyses were performed by the departmental service. 
Starting materials 
The starting materials T1[9-SMe 2-7 ,8-nido-C2B 9H10]40, [(CO)2RhC1]2150 , 
[12,12-C8H,2)RhC1]2'51, [(r 2 , 1 -5-OMe-C8H,2)PdCl] 266, [(C3H5)PdC1] 2152, 
[(2-Me-C3H4)PdC11 2152, [(1 -syn-CO2Et-C3H4)PdC1] 2'53 , [(1 -syn-Ph-C3H4)PdC1] 2152, 
1,2-Ph2-1,2-closo-C2B 0H10119 and Rh(PPh3 )3Cl1 ' were prepared by published 
methods. All other materials used are commercially available and were used as 
supplied. 
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Synthesis of 3,3-(CO)2-4-SMe2-3,1,2-closo-RhC2B9H10, (CO)2Rh(carb'), 1 
Tl[9-SMe2-7,8-nido-C2B9H10], (Tlcarb'), (0.181g, 0.45mmol) was added to a 
yellow, frozen solution of [(CO) 2RhC1}2 (0.081g, 0.21mmol) in dichioromethane (Ca 
20m1) and allowed to warm to room temperature. The reaction was followed by 
recording i.r. spectra every 30 minutes. After 3 hours of stirring at room temperature, 
the starting material was no longer detectable and the dirty yellow solution was 
filtered through celite then concentrated to a volume of ca lml. Preparative tic on 
silica plates afforded a yellow band (Rf = 0.85) on elution with dichloromethane. 
Development with CH 2C12 followed by evaporation in vacuo yielded a dark yellow 
solid which crystallised readily on diffusion of n-hexane into a dichloromethane 
solution at -30°C. A crystallographic determination was carried out on one of the 
resulting pale orange plates. 
Yield: 0.08g, 0.22mmol, 52%. Calculated (for C 6H16B902RhS ): %C 20.4, %H 
4.58; Found (pre-crystallisation): %C 21.6, %H 4.89. 
I.r. (CH2C12 solution ): v. ax 2540 (B-H stretch), 2040, 1990 (both CO stretch) 
cm-1 . 
N.m.r. (CDC1 3 ) 
-6.02 (lB. B(4)), -9.43 (3B), -14.38 (2B), -19.26 (1B), -23.13 (1B), 
-25.19 (1B) ppm. 
3.07 (broad s, 1H, cage CH), 2.94 (s, 3H, Me), 2.81 (broad s, 1H, cage CH), 
2.52 (s, 3H, Me) ppm. 
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Synthesis 	of 	3,3-(11 2,11 2-C8H 12)-4-SMe2-3,1,2-c/oso-RhC 2B9H 10, 
(cod)Rh(carb'), 2 
Tlcarb' (0.182g. 0.46mmoI) was adckd to a yellow, frozen solution of 
[(cod)RhC1] 2 (0.104g, 0.21mmol) in dichioromethane (Ca lOmi). The mixture was 
allowed to warm to room temperature then stirred for a further 1 hr and filtered 
through celite to afford a clear, yellow filtrate that was concentrated to a small 
volume by evaporation in vacuo. Preparative tic on silica plates yielded a broad, 
yellow band (Rfm = 0.51) on elution with a CH2C12/n-hexane mixture 
(CH2C12 :C6H14 = 3:2) which was collected, developed with CH 2CJ2 and evaporated 
in vacuo to a bright yellow solid. Diffusion of n-hexane into a dichloromethane 
solution at -30°C afforded yellow plates and columns. A full structure determination 
was carried out on one of the plates, and the unit cell dimensions and space group 
were determined for the columns. Yield: 0.108g, 0.27mmol, 63%. Calculated (for 
C12H28B9RhS): %C 35.6, %H 6.98; Found (pre-crystallisation): %C 34.4, %H 7.37. 
I.r. (CH2C12): 2910, 2870, 2830 (cod C-H), 2540 (B-H stretch) cm -1 
N.m.r. 
"B-('H) (CDC1 3 ): 8 -5.78 (lB. B(4)), -7.19 (1B), -9.99 (1B), -12.55 (2B), -15.12 
(1B), -20.46 (1B), -24.45 (1B), -25.49 (1B) ppm. 
13C(DEPT) (CD 2Cl2);8 78.31 (d, 'J c=12.lHz, 2C, cod CH), 77.33 (d, 
1jh1.1, 2C, cod CH), 34.61 (s, 2C, cod CH2), 30.25 (s, 2C, cod CH2), 28.96 
(s, 1C, Me), 25.97 (s, 1C, Me). 
'H (CDC13); ö 4.42 - 4.38 (m, 2H, 2 cod CH), 4.21 - 4.19 (m, 2H, 2 cod CH), 2.98 
(s, 3H, Me), 2.62 - 2.52 (m, 4H, cod CH2) 2.53 (s, 3H, Me) and 2.52 (broad s, 1H, 
cage CH), 2.33 - 2.25 (m, 2H, 2CH2 protons), 2.07 - 2.00 (m, 2H, 2 CH 2 protons), 
1.92 (broad s, 1H, cage CH) ppm. 
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Synthesis 	of 	3,3-('i  ',i2-5-OMe-C 8H12)-4-SMe2-3,1,2-closo-PdC 2B9H,o, 
(C8H 12OMe)Pd(carb'), 3 
Tlcarb' (0.130g. 0.33mmol) was added to a suspension of [(C 8H12OMe)PdC1] 2 
(0.090g. 0. l6mmol) in acetone (Ca lOmi). An immediate colour change from white to 
yellow was observed. After stirring for 15 minutes, the products were filtered and the 
yellow filtrate evaporated in vacuo to yield a gold coloured solid. The product was 
purified by crystallisation via slow diffusion of n-hexane into an acetone solution at 
-30°C. The unit cell dimensions and space group were determined for the resulting 
golden blocks. Yield: 0.101g, 0.23mmol, 70%. Calculated (for C, 3H31OPdS): %C 
35.6, %H 7.11; Found: %C 35.8, %H 6.97. 
N.m.r. ((CD3 )2C0) The n.m.r. spectra indicate the presence of two compounds in 
an approximately 1:1 ratio. 
-9.17 (3B), -10.53 (3B), -13.51 (2B), -15.76 (3B), -18.69 (2B), -20.94 
(1B), -22.46 (2B), -23.97 (2B) ppm. 
'H (-300C): 8 3.18 (3H, OMe), 3.17 (3H, OMe), 2.95 (3H, SMe), 2.83 (3H, SMe), 
2.56 (3H, SMe), 2.51 (3H, SMe) ppm. 
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Synthesis 	of 	13,3-(11 2,12-C8H 12)-4-SMe2-3,1,2-closo-PdC2B9H10JBF4 , 
[(cod)Pd(carb')]BF4, 4.BF4 
85% HBF4.0(C2H5)2 in Et20 (55pi, 0.32mmol) was added to a solution of 5 
(0.141g, 0.32mmol) in diethyl ether (lOmi). An oily purple solid formed immediately 
and was collected by filtration. After washing several times with Et 20, the product 
was redissolved in dichloromethane, filtered through a cotton wool plug then overlaid 
with n-hexane. Dark pink plates were grown at 300C  and from one of these a 
crystallographic determination was undertaken. 
Yield: 0.062g, 0.12mmol, 39%. 
I.r. (22) Vma, 2910-2830 (cod C-H), 2540 (B-H stretch), 1050 - 1010 (BF 4) 
cm-1 . 
N.m.r. ((CD3 )2C0) 
3 8.37 (1B), 1.02 (1B, BF4), -3.60 (2B), -5.13 (lB. B(4)), -8.96 (2B), 
-10.10 (1B), -14.65 (1B), -19.88 (1B) ppm. 
3 6.32 - 6.23 (m, 2H, 2 CH), 6.17 - 6.06 (m, 2H, 2 CH), 3.25 - 3.05 (m, 4 CH2 
protons), 3.02 (s, 3H, Me), 2.96 - 2.74 (m, 4 CH2 protons), 2.69 (s, 3H, Me) ppm. 
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Synthesis of 3-(i3-C3H5)-4-SMe2-3,1,2-closo-PdC2B9H10,  (C3H5)Pd(carb'), S 
Tlcarb' (0.108g, 0.27mmol) was added to a yellow, frozen, dichloromethane (Ca 
lOmi) solution of [(C3H5)PdC1] 2 (0.055g. 0.15mmol). Despite the instantaneous 
colour change (to red), the reaction mixture was allowed to warm to room 
temperature and stirred for a further 30 minutes. The products were filtered through 
celite and the filtrate evaporated in vacuo to afford a red solid. Crystallisation by 
solvent diffusion of n-hexane into a CH 2C12 solution at -30°C afforded deep red 
blocks suitable for a structure determination. Yield: 0.064g, 0.19mmol, 69%. 
Calculated (for C7H21 B9PdS.0.07 C6H14): %C 25.7, %H 6.38; Found: %C 25.5, %H 
6.64. 
I.r. (CH2C12 solution): Vm  2530 (B-H stretch) cm -1 . 
N.m.r. (sealed tube, CDC13) 
ö 0.06 (1B), -12.19 (1B), -13.82 (1B), -15.79 (1B, B(4)), -17.30 (1B), 
-20.91 (2B), -22.43 (2B) ppm. 
1H: ö 5.37 (m, 1H, H(32)), 4.29 (dd, 1H, H(s), 3j HsH32 = 6.6414Z, 4 H1sH3s = 
2.28Hz), 4.23 (dd, 1H, H(s), 3j H,H32 = 6.28Hz), 3.45 (d, 1H, H(a), 3 H32 = 
11.75Hz), 3.01 (d, 1H, H(a), 3j HaH32 = 11.84Hz), 2.84 (broad s, 1H, cage CH), 2.65 
(s, 3H, SMe), 2.45 (broad s, 1H, cage CH), 2.35 (s, 3H, SMe) ppm. 
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Synthesis 	of 	3- (11 3 2-Me-C3H4)-4-SMe2.3,1,2-closo-PdC 2B9H io, 
(2-Me-C 3H4)Pd(carb'), 6 
Compound 6 was prepared and crystallised using the method for 5 from Tlcarb' 
(0.122g, 0.31mmol) and [(2-Me-C3H4)PdC1] 2 (0.054g, 0.14mmol) in CH2C12 (Ca 
lOmi). Crystallisation yielded red plates from which the unit cell dimensions and 
space group were determined. 
Yield: 0.059g, 0.l7mmol, 61%. Calculated (for C 8HB9PdS): %C 27. 1, %H 6.53; 
Found: %C 26.4, %H 6.46. 
I.r. (CH2C12 solution): Vm  2530 cm-1 
N.m.r. (CDC13) 
-0.46 (1B), -12.23 (1B), -14.10 (1B), -16.76 (2B, including B(4)), 
-21.34 (2B), -22.83 (2B) ppm. 
4.18 (d, 1H, H(s), 4H1SH3S  =2.95Hz), 4.14 (d, 1H, H(s)), 3.42 (s, 1H, H(a)), 
2.99 (s, 1H, H(a)), 2.82 (broad s, 1H, cage CH), 2.64 (s, 3H, SMe), 2.35 (s, 3H, SMe), 
2.31 (broad s, 1H, cage CH), 2.14 (s, 3H, allyl-bound Me) ppm. 
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Synthesis of 3(113 1.syn-(CO2Et)-C3H4)4-SMe2-3,1,2-closo-PdC2B9H1o, 
(1-syn-(CO2Et)-C3H4)Pd(carb'), 7 
Compound 7 was prepared by the procedure described for 5 from Tlcarb' (0.168g, 
0.42mmol) and [(l-syn-CO2Et-C3H4)PdC1] 2 (0.105g, 0.21mmol) in CH2C12 (ca 
lOmi). Crystallisation by diffusion of n-hexane into a dichioromethane solution 
yielded red plates on which an x-ray structure determination was carried out. 
Yield: 0.126g, 0.30mmol, 74%, of which approximately 60% (44% overall) was 
the major product and 40% (30% overall) the minor. Calculated (for 
C 10HB9O2PdS): %C 29. 1, %H 6.10; Found: %C 28.9, %H 6.00. 
I.r. (CH2C12 solution): v. ax 2550 (B-H stretch), 1695 (C=O stretch) cm 
N.m.r. spectra "B-('H} (CDC1 3) (relative integrals are given): ö 3.99 (5), -9.44 
(4), -10.96 (2), -12.53 (2), -14.31 (8), -15.30 (6), -17.04 (7), -19.39 (3), -22.26 (5), 
-23.12 (3) ppm. 
1H ((CD3)2C0): ö 6.23 (m, lHmaj  H(32)maj 3H32H33s = 6.85Hz), 6.18 (m, 
H(32)mm, 3H32H31a = 10.2Hz), 4.35 (d, 1H, H(33s)min, 3H33sH32 = 7.12Hz), 4.22 - 
4.05 (m, 3H1 + 3111maj' H(310 mm, H(33S)maj C112min, CH2ma) 3.92 (d, 1Hmaj 
H(31a)maj 3H31aI32 = 10.20Hz), 3.65 (dd, 111Thaj'  H(33a)maj. 3H33aH32 = 11.93Hz, 
2H33a}J33s = 0.61Hz), 3.47 (dd, 	H(33a)min, 3H3332 = 12.47 Hz, 2 H3333s = 
0.89Hz), 3.45 (broad s, lHmn, cage CH), 2.84 (s, 3Hmaj SMemaj). 2.82 (broads, 
1Hmaj cage  CHmaj)  2.78 (broad s, lHmaj  cage  CHmaj) 2.72 (s, 	SMe), 2.49 
3Hmaj SMemaj) 2.47 (broad s, IH., cage CH 1 ), 2.43 (s, 3H., SMe), 1.25 
3Hmaj  ester  Memaj. 3Et = 7.13Hz), 1.17 (t, 3H., ester Me mm, 3Et = 7.13Hz) ppm. 
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Synthesis 	of 	3-(11- 1-syn-Ph-C3H4)-4-SMe2-3,1,2-closo-PdC 2B9H 10, 
(1-syn-Ph-C3H4)Pd(carb'), 8 
Compound 8 was synthesised by the procedure described for 5 from Tlcarb' 
(0.115g, 0.29mmol) and [(1-syn-Ph-C 3H4)PdC1] 2 (0.060g. 0.12mmol) in CH2Cl2 (Ca 
lOmi). Red plates (8a) and red dendritic crystals (81b) were grown by diffusion of 
n-hexane into CH2C12 solutions at room temperature and -30°C respectively. Total 
yield: 0.070g, 0. l7mmol, 72% of which approximately 66% (48% overall) was the 
major geometrical isomer and 33% (24% overall) was the minor isomer. Calculated 
(for C 13HB9PdS): %C 37.4, %H 6.04; Found: %C 34.2, %H 6.26. 
All spectra were recorded for samples of the crude mixed isomeric products. 
I.r. (CH2C12 solution): vma., 2520 cm -1 
N.m.r. (sealed tube, ((CD3)2C0) 
11 B-('H) (relative integrals are given): 8 0.76 (1), -1.85 (2), -9.19 (2), -9.96 (1), 
-14.77 (3), -15.47 (2), -16.4 (4), -18.35 (2), -21.80 (10) ppm. 
7.72 - 7.69, 7.61 - 7.58, 7.36 - 7.19 (all m, total SH maj  + 5H., Ph), 6.24 
(ddd, Mmm, H(32)mm), 6.21 (ddd, 111maj'  H(32)maj) 5.24 (d, IFIMM, H(31a), 
3H3132 = 11.07Hz), 4.89 (d, lHmaj  H(31a)maj, 3H3132 = 10.92Hz), 4.18 (d, 
1H,;ii, H(33S)mm, 3H33sH32 = 6.72Hz), 4.15 (d, lHmaj  H(335)maj 3 H33sH32 = 
6.43Hz), 3.59 (d, lHmaj  H(33a)maj 3H33aH32 = 11.44Hz), 3.45 (d, IH., H(33a) min, 
31H33aH32 = 11.5 1Hz), 3.1 (broad s, 111 11, cage CH.), 2.84 (s, 311maj Memaj), 2.67 
(broad s, lHmaj  cage  CHmaj)  2.66 (s, 3H 11, Me), 2.41 (s, Me), 2.31 (s, 
3Hmaj Memaj), 1.84 (broad s, lHmm,  cage CH.), 1.69 (broad s, lHmaj  cage  CHmaJ) 
ppm. 
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Synthesis of [HNEt3][7,8-Ph2-7,8-nido-C2B9H10], [HNEt 3]9 
1,2-Ph2- 1 ,2-closo-C2B 101i10 (1.007g, 3.40mmol) and KOH (0.398g, 7 .O9mmol) 
were stirred in ethanol (20m1) for 45 minutes at room temperature, then for 2 hours 
under reflux. CO 2 was bubbled through the solution for 5 minutes and the K2CO3 
that formed was removed by filtration prior to evaporation in vacuo. Water (15m1) 
was added to the resultant white solid and the mixture filtered. An aqueous solution 
of HNEt3C1 (1.90g. 13.8mmol) poured into the filtrate afforded a white precipitate of 
[HNEt3]9 which was isolated by filtration and washed several times with diethyl 
ether. Colourless plates were grown by slow diffusion of n-hexane into a 
dichloromethane solution at -30°C on which an X-ray crystallographic determination 
was carried out. 
Yield: 0.451g, 1.16mmol, 34.2%. Calculated (for CH 36NB9): %C 61.9, %H 9.36, 
%N 3.61; Found: %C 61.9, %H 8.90, %N 4.01. 
I.r. (CH202 solution ): Vm  2530 cm 1 
N.m.r. spectra ((CD 3)2C0) 
-6.50 (2B), -12.77 (1B), -14.81 (2B), -17.29 (2B), -31.49 (lB. B(10), 
'B-Hendo = 49.4Hz), -33.85 (1B) ppm. 1B.HeXO = 137.0 - 160.1Hz. 
6.95 (m, 10H, Ph), 3.40 (q, 6H, CH2, 3HH = 7.3Hz), 3.65 (broad s, 1H, NH), 
1.41 (t,911, CH3) ppm. 
152 
Reaction of [HNEt3]9 with Rh(PPh 3 )3C1; Synthesis of compounds lOa and lOb 
Rh(PPh3)3C1 (0.047g. 0.05mmol) was added to a frozen degassed solution of 
[HNEt3]9 (0.020g, 0.05mmol) in CH2C12 (Ca lOmi). The reactants were allowed to 
warm to room temperature, stirred for a further 1.5 hours, then concentrated to a 
small volume (Ca 1.5m1). Chromatography of the red solution on a florisil column, 
using dichioromethane as eluent, afforded a fast-moving pink band and a slower 
yellow band. The latter was obtained by further elution with acetonitrile. Evaporation 
in vacuo yielded pink (lOa) and yellow (lOb) solids respectively and pink plates of 
the former product, on one of which a crystallographic study was performed, were 
grown by slow diffusion of n-hexane into a dichloromethane solution at -30°C. 
Spectroscopic results for lOa 
I.r. (CH2C12 solution ): Vm  2540 cm-' 
N.m.r. (CDC13) 
31P-( 1H}: ö 45.05 (d, 'J.p = 187.3Hz) ppm. 
ö -11.03 (2B), -14.04 - -15.53 (5B), -32.75 (lB. B(10)), -35.95 (1B) 
ppm. 
7.1 (m, 40H, Ph), -1.8 (broad s, 1H, H(12)) ppm. 
Spectroscopic results for lOb 
I.r. (CH2C12 solution): Vm  2420 cm' 
N.m.r. (CDC13) 
3 'P-f 1 H1: 8 44.7 (d, IJRhp = 186.9Hz) ppm 
ö -8.46 (2B), -13.91 (1B), -16.94 (4B), -32.95 (lB B(10)), -35.40 (1B) 
153 
ppm. 




This section outlines the methods involved in data collection and processing and 
structure solution and refinement for the crystals of compounds 1 - 10. Also included 
are the fractional coordinates and thermal parameters of atoms in 1, 2, 4.BF 4, 5 and 7 
- 10. All data were collected on an Enraf-Nonius CAD4 diffractometer, fitted with a 
ULT- 1 low temperature device, using graphite monochromated MO-K S  X-radiation, 
= 0.71069 A. Diffraction quality crystals of all complexes were grown by slow 
diffusion of n-hexane into dichioromethane solutions at -30°C unless otherwise 
specified and were mounted in Lindemann tubes. 
For each crystal, the unit cell parameters and orientation matrix for data collection 
were determined by the least-squares refinement of the setting angles of 25 strong, 
high angle reflections. Data were corrected for Lorentz and polarisation effects and 
for decay (determined by regular measurement of the intensities of two chosen 
reflections), during data reduction 155 . Only data for which F>2.0a(F) were retained 
for structure solution and refinement. Heavy atoms were located by automatic direct 
methods for [HNEt3]9 156, whereas metal atoms in all other compounds were located 
by inspection of a Patterson map 157 . Subsequent atom location in every case was by 
AF syntheses and iterative full-matrix least-squares refinement 157 . Scattering factors 
for Rh and Pd were from International Tables for X-ray Crystallography' 
58 while 
those for all other atoms were inlaid in the programs. 
Data were corrected empirically for absorption following isotropic 
convergence 159 . Geometrical calculations were performed using CALC1 60 and the 
molecular drawing facility used was SFIELXTL 161 . 
155 
The isotropic thermal parameter takes the form: 
exp[-87c2U (sin2O)A2J 
For anisotropic thermal parameters: 
Ujj = [-2it2(U 11 a*2h2+U22b*2k2+U33c*2l2+2U23b*c*kJ+2U 1 3a*c*hl+2U  1  2a*b*hk)J 
The equivalent isotropic thermal parameter is defined as: 
U = 
3,3-(CO)2-4SMe2-3,1,2-closo-RhC2B9H 10, (CO)2Rh(carb'), 1 
Crystal Data 
C6H16139021Th8, M = 352.44, monoclinic, space group P2 1/a, a = 13.1562(21), b = 
8.2858(14), c = 13.526(3) A, 3 = 90.333(16) 0, V = 1478.4 A, using 25 centered 
reflections, 9 < 0 < 140, Z = 4, D = 1.583 gcm-3 , .L(MOK(,,) = 12.56 cm - 1 , F(000) = 
696. 
Data Collection and Processing 
co - 20 scans in 96 steps with oo scan width 0.8 + 0.34tan0. 1 <0 <25°, h 0—*18, k 
0.*1 1, 1 -19--419, scan speeds 0.87 
- 2.350min. 2923 data measured over 52 X-ray 
hours, approximately 3% decay, 2382 reflections with F : ~ 2.0a(F) retained. 
Structure Solution and Refinement 
Patterson synthesis for Rh position and iterative full-matrix least-squares 
refinement/AF syntheses for all other atoms. Cage carbons identified by isotropic 
thermal parameters (after refinement as B) and internuclear distances. Empirical 
absorption correction applied after isotropic convergence. In the final stages, all 
non-H atoms were refined with anisotropic thermal parameters. Cage H atoms 
positionally refined, methyl H atoms set in idealised positions. All H atoms refined 
with a group thermal parameter, UH = 0.071(3) A2 at convergence. Weighting 
scheme w 1 = [02(F) + 0.001950F2]. R = 0.0289, R. = 0.0460, S = 1.724. Maximum 
and minimum residues in the final AF map were 0.367 and -0.834 eA 3 . 
157 






































































































































































Table 5.2 Anisotropic Thermal Parameters (x 10 4A2 for Rh and S, x 103A2 for other 
atoms) for 1 
Atom U].]. U22 U33 U23 U13 U12 
Rh(3) 0397 (2) 0406(2) 0363 (2) -0006(1) 0008(1) -0007(1) 
S 0310 (4) 0379 (4) 0463(4) 0021 (2) -0018(3) 0093(2) 
C(is) 066 ( 2) 032 ( 2) 099 ( 3) -015( 2) 008 ( 2) 011 (  
C (2S) 051 ( 2) 070 ( 2) 066 ( 2) 012 ( 2) 021 ( 2) 013 (  
CM 038 ( 1) 036 ( 1) 048 ( 2) -015( 1) -010( 1) -005( 1) 
C(2) 044 ( 2) 044 ( 2) 047 ( 2) -020( 1) 000 ( 1) 000 ( 1) 
B(4) 026( 1) 027( 1) 038( 1) -004( 1) -003( 1) 002( 1) 
B(5) 030( 1) 027( 1) 062( 2) -004( 1) -005( i)-005( 1) 
3(6) 055 ( 2). -027( 2) 066 ( 2) -018( 1) -007( 2) -002( 1) 
3(7) 034 ( 1) 043 ( 2) 051 ( 2) -006( 1) 003 ( 1) -001( 1) 
3(8) 029 ( 1) 024 ( 1) 041 ( 1) -006( 1) -004( 1) -003( 1) 
B(9) 031( 1) 025( 1) 048( 2) -002( 1) -005( 1) 002( 1) 
B(10) 041 ( 2) 026 ( 2) 066 ( 2) -003( 1) -003( 1) -001( 1) 
B(ii) 043( 2) 034( 2) 071( 2) -019( 2) 003( 1) 007( 1) 
3(12) 028( 1) 031( 2) 053( 2) -00.5( 1) -006( 1) 004( 1) 
C(10) 062 ( 2) 046 ( 2) 048 ( 2) -004( 1) 001 ( 1) 001 ( 2) 
0(1) 086( 2) 050 ( 1) 091 ( 2) 000 ( 1) 015 ( 2) -023( 1) 
C(20) 062 ( 2) 098 ( 3) 058 ( 2) 038 ( 2) -001( 2) -004( 2) 
0(2) 080 ( 2) 186 ( 4) 111 ( 3) 082 ( 3) -029( 2) 002 ( 3) 
159 
1 15-C8H 12)-4-SMe2-3,1,2-closo-RhC 2B9H 10, (cod)Rh(carb'), 2a 
Crystal Data 
C12H28B9Rh, M = 404.62, triclinic, space group Pbarl, a = 7.0003(10), b = 
8.5300(15), c = 16.315(3) A, a = 100.473(13), 93.506(12), y = 102.439(13)°, V = 
907.0(26) A, using 25 centered reflections, 12 <0 < 150, Z = 2, DC  = 1.481 gcm 3 , 
.L(MOK) = 10.26 cm 1 , F(000) = 412. 
Data Collection and Processing 
As described for compound 1. Variable scan speeds between 0.87 and 2.35 0min 1 . 
3007 data measured over 116 X-ray hours with approximately 2% decay, 1 <0 <25°, 
h 0—*8, k -10--*10, 1 -19-419, yielding 2988 with F 2t 2.0a(F). 
Structure Solution and Refinement 
As described for compound 1. Cage and C 8H12 alkenyl H atoms positionally 
refined, methyl and methylene Hs set in idealised positions. All H atoms refined with 
a group thermal parameter, UH = 0.0583(16) A2  at convergence. Weighting scheme 
W-1 = [y2(F) + 0.000159F2]. R =0.0212, R = 0.0280, S = 1.179. Maximum and 
minimum residues in the final AF map were 0.29 and -0.43 eA 3 . 
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Table 5.4 Anisotropic Thermal Parameters (x 10 4A2 for Rh and S. x 103A2  for other 
atoms) for 2a 
Atom Ull U22 U33 U23 U13 U12 
C(1) 029( 1) 032( 1) 035( 1) 003( 1) 008( 1) 011( 1) 
C(2) 039( 1) 031( 1) 039( 1) 012( 1) 013( 1) 009( 1) 
Rh(3) 0284(1) 0281(l) 0280(1) 0065(1) 0041(l) 0092(l) 
B(4) 033( 1) 027( 1) 030( 1) 005( 1) 007( 1) 013( 1) 
B(5) 032( 1) 036( 1) 038( 2) 001( 1) 002( 1) 009( 1) 
B(6) 033( 1) 037( 2) 049( 2) 004( 1) 011( 1) 002( 1) 
B(7) 040 ( 2) 031 ( 1) 048 ( 2) 014 ( 1) 010 ( 1) 014 ( 1) 
B(8) 035( 1) 034( 1) 037( 1) 008( 1) 013( 1) 015( 1) 
B(9) 044( 2) 026( 1) 034( 1) 001( 1) 010( 1) 010( 1) 
B(10) 046( 2) 029( 1) 043( 2) —001( 1) 007( 1) 004( 1) 
B(11) 047( 2) 029( 1) 050( 2) 010( 1) 014( 1) 008( 1) 
B(12) 050( 2) 027( 1) 049( 2) 005( 1) 017( 1) 017( 1) 
S 0487M 0291 (3) 0342 (3) 0054 (2) 0006(3) 0162 (3) 
C(1S) 054( 2) 039( 1) 055( 2) 017( 1) 005( 1) 002( 1) 
C (2S) 075 ( 2) 050 ( 2) 052 ( 2) 020 ( 1) —019( 2) 010 ( 2) 
C(11) 035( 1) 046( 2) 041( 1) 011( 1) 001( 1) 005( 1) 
C(12) 032( 1) 046( 2) 055( 2) 013( 1) —002( 1) 009( 1) 
C(13) 052( 2) 061( 2) 050( 2) 024( 1) —012( 1) 008( 1) 
C(14) 059( 2) 063( 2) 032( 1) 010( 1) 000( 1) 006( 1) 
C(15) 046 ( 2) 048 ( 2) 032 ( 1) 001 ( 1) 007 ( 1) 011 ( 1) 
C(16) 053( 2) 038( 1) 034( 1) —003( 1) 002( 1) 018( 1) 
C(17) 073 ( 2) 034 ( 1) 046 ( 2) 000 ( 1) 000 ( 1) 010 ( 1) 
C(18) 056 ( 2) 044 ( 2) 043 ( 2) 007 ( 1) 000 ( 1) —005( 1) 
162 
Second crystal form of (cod)Rh(carb'), 2b 
Crystal Data 
C 121128B9RhS, M = 404.62, monoclinic, space group P2 1/c, a = 7.163(8), b = 
14.328(5), c = 17.844(5) A, 13 = 92.27(5)0, V = 1829.9 A, using 25 centered 
reflections, 8 <9 < 120, Z = 4, D = 1.468 gcm 3 , i(MOKa) = 10.17 cm - 1 , F(000) = 
824 
3,3412,1 L5..OMe-C8H 12)-4-SMe2-3,1,2-closo-PdC 2B911 10, 
(cod(OMe))Pd(carb'), 3 
Crystal Data 
C 13H31 B90PdS, M 439.13, monoclinic, space group P2 1/c, a = 8.499(4), b = 
14.343(3), c = 16.808(5) A, p = 104.50(3)0 , V = 1983.7 A, using 25 centered 
reflections 8 <9 < 120, Z = 4, DC  = 1.470 gcm' 3 , ).L(Mo-K) = 10.22 cmi, F(000) = 
RM 
163 
[3,3- (ri 2,ii2-C8H 12)-4-SMe2-3,1,2-closo-PdC2B9H 10]BF4, [(cod)Pd(carb')]BF4, 
4.BF4 
Crystal Data 
C12H28B 10F4PdS, M = 494.87, monoclinic, space group P2 1/n, a = 9.8407(17), b = 
18.701(7), c = 12.2289(22) A, p = 108.750(14)0, V = 2131.1 A, using 25 centered 
reflections 12 < 0 < 130, Z = 4 ion pairs, DC  = 1.542 gcm 3, p.(MO-K) = 9.82 cm-1 , 
Data Collection and Processing 
As described for 1. Variable scan speeds between 0.87 and 2.350 mind. 6113 
unique data measured over 132 X-ray hours with negligeable decay, 1 <9 <25°, h 
0-11, k -22-0, I -14-14, yielding 5148 with F ~t 2.0a(F). 
Structure Solution and Refinement 
As described for compound 2. All H atoms refined with a group thermal 
parameter, U11 = 0.0769(21) A2  at convergence. Weighting scheme w 1 = [ 2(F) + 
0.000398F21. R = 0.0352, R = 0.0414, S = 1.138. Maximum and minimum residues 
in the final AF map were 1.10 and -0.95 eA 3 . 
164 
Table 5.5 Fractional Coordinates and Equivalent Thermal Parameters for 4.BF4 





















































































































































































































































































H(172) 	0.9449( 4) 	0.31948(21) 	0.3868( 3) 
11(181) 0.7544( 4) 0.26957(23) 0.1397( 3) 
H(182) 	0.9173( 4) 	0.31749(23) 	0.1779( 3) 
Table 5.6 Anisotropic Thermal Parameters (x 10 4A2 for Pd and S. x 103A2 for other 
atoms) for 4.BF4 
Atom Ull U22 U33 U23 U13 U12 
Pd(3) 0334(1) 0425(2) 0351(1) 0025(1) 0095(1) -0055(1) 
CM 041 ( 2) 048 ( 2) 050 ( 2) 004 ( 2) 015 ( 2) 006( 2) 
0(2) 053 ( 2) 037 ( 2) 066 ( 2) 010 ( 2) 008 ( 2) -003( 2) 
3(4) 038 ( 2) 040 ( 2) 036 ( 2) 006 ( 2) 005 ( 2) -005( 2) 
3(5) 034 ( 2) 058 ( 2) 064 ( 2) 016( 2) 011 ( 2) 005 ( 2) 
3(6) 056( 3) 058( 3) 094( 4) 016( 3) 024( 3) 022( 2) 
3(7) 055 ( 2) 065 ( 3) 043 ( 2) 018 ( 2) 007 ( 2) -011( 2) 
3(8) 049 ( 2) 057 ( 3) 037 ( 2) 003 ( 2) 006 ( 2) -009( 2) 
B(9) 040 ( 2) 066( 3) 052 ( 2) 018 ( 2) -006( 2) -010( 2) 
3(10) 037 ( 2) 078 ( 3) 081 ( 3) 037 ( 3) -003 ( 2) 002 ( 2) 
3(11) 059 ( 3) 057 ( 3) 086 ( 3) 032 ( 3) 006 ( 3) 008 ( 2) 
B(12) 055 ( 3) 086 ( 3) 046 ( 2) 026 ( 2) -007 ( 2) -012 ( 2) 
S 0472 (5) 0436(5) 0446(5) 0104 M 0057M -0060(4) 
C(1S) 092 ( 3) 043( 2) 070 ( 3) -003( 2) 012( 2) 002 ( 2) 
C (2S) 072 ( 3) 068 ( 3) 104 ( 3) 032 ( 2) 033 ( 3) -016 ( 2) 
0(11) 058( 2) 077( 3) 055( 2) 003( 2) 032( 2) -018( 2) 
0(12) 052 ( 2) 059 ( 3) 081 ( 3) 005 ( 2) 034 ( 2) -016( 2) 
C(13) 047 ( 2) 064 ( 3) 114 ( 4) -019( 3) 017 ( 2) -016( 2) 
0(14) 058( 2) 089( 3) 067( 3) -024( 2) -001( 2) 003( 2) 
0(15) 039 ( 2) 091 ( 3) 040 ( 2) 004 ( 2) 003 ( 2) 010 ( 2) 
0(16) 040 ( 2) 065 ( 2) 050 ( 2) 012 ( 2) 008 ( 2) 007 ( 2) 
C(17) 047( 2) 062( 2) 076( 3) 000( 2) 022( 2) 008( 2) 
C(18) 057( 2) 075( 3) 075( 3) -014( 2) 034( 2) 001( 2) 
3 110( 4) 047( 3) 063( 3) -003( 2) 025( 3) 000( 3) 
F(1) 240 ( 5) 117 ( 3) 078 ( 2) 001 ( 2) 048 ( 2) 065 ( 3) 
F(2) 195 ( 3) 062 ( 2) 083 ( 2) -002( 1) 037( 2) 016( 2) 
F(3) 245( 5) 082( 2) 207( 4) 013( 2) 145( 4) -022( 2) 
F(4) 109 ( 3) 156 ( 4) 236 ( 5) -024( 3) 022 ( 3) 000 ( 2) 
167 
3-(T1 3-C3H5)-4-SMe2-3,1,2-closo-PdC2B9H 10, (C3H5)Pd(carb'), 5 
Crystal Data 
C7H21 B9PdS.0.07C6H14, M = 347.06, rhombohedral, space group Rbar3, a = 
28.802(3), c = 9.551(4) A (hexagonal axes), V = 6864.1 A, using 25 centered 
reflections 14 < 9 < 15 0, Z = 18, DC  = 1.485 gcm 3 , J.L(M0Ka) = 13.03 cm-1 , F(000) = 
3060. N.B. D, .L(MOKa) and F(000) were calculated for the solvent-free lattice. 
Data Collection and Processing 
As described for compound 1. 1 <9 < 30 0, h 0-34, k -34--*0, 1 0-11, scan 
speeds 0.87 - 2.350min 1 . 4333 unique data measured over 108 X-ray hours at 
185±1K with approximately 15% decay. 3960 reflections with F 2: 2.00(F) were 
retained. 
Structure Solution and Refinement 
As descibed for compound 1. Cage and allylic H atoms were positionally refined 
whereas methyl H atoms were set in idealised positions. H atoms were refined with 
group thermal parameters; UH = 0.0292(23), 0.044(4) and 0.051(4) A2  for cage, allyl 
and methyl H atoms respectively at convergence. Weighting scheme w 1 = [a(F) + 
0.000017F2]. R = 0.0324, k = 0.03 10, S = 0.590. Maximum and minimum residues 
in the final AF map were 1.12 and -1.05 eA 3 respectively. 
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Table 5.8 Anisotropic Thermal Parameters (x 10 4A2 for Pd and S, x 103A2 for other atoms) 
for 5 
Atom Ull U22 U33 U23 U13 U12 
C(1) 024( 1) 020( 1) 024( 1) -003( 1) -003( 1) 014( 1) 
C(2) 021 ( 1) 028 ( 1) 025 ( 1) -004( 1) -002( 1) 016 ( 1) 
Pd(3) 0241(l) 0227(1) 0224(1) -0034(l) -0044(1) 0135(1) 
B(4) 021( 1) 020( 1) 020( 1) 001( 1) 002( 1) 013( 1) 
B(5) 023 ( 1) 022 ( 1) 025 ( 1) -004( 1) -002( 1) 012 ( 1) 
B(6) 028( 1) 027( 1) 026( 1) -007( 1) -002( 1) 018( 1) 
B(7) 019 ( 1) 023 ( 1) 029 ( 1) -001( 1) -001( 1) 008 ( 1) 
B(8) 021 ( 1) 021 ( 1) 023 ( 1) 002 ( 1) 002 ( 1) 013 ( 1) 
B(9) 021 ( 1) 023 ( 1) 021 ( 1) 001 ( 1) 000 ( 1) 012 ( 1) 
B(10) 024 ( 1) 030( 1) 022( 1) -004( 1) -001( 1) 016( 1) 
B(11) 023( 1) 034( 2) 024( 1) -004( 1) 000( 1) 017( 1) 
B(12) 022( 1) 028( 1) 022( 1) 002( 1) 001( 1) 013( 1) 
S 0267 (3) 0234 (3) 0216 (3) 0042 (2) 0043(2) 0142 (3) 
C(1S) 022( 1) 041( 2) 033( 1) 002( 1) 004( 1) 009( 1) 
C(2S) 041( 2) 032( 1) 032( 1) 002( 1) 010( 1) 024( 1) 
C(31) 056 ( 2) 033 ( 2) 026 ( 1) -004( 1) -006 ( 1) 029 ( 1) 
C(32) 046 ( 2) 038 ( 2) 030 ( 1) -012( 1) -018( 1) 028 ( 1) 
C(33) 032 ( 2) 038 ( 2) 044 ( 2)  1)  1) 016 ( 1) 
170 
3-(1 3 2-Me-C3H4)-4-SMe2-3,1,2-closo-PdC 2B9H 10, (2-Me-C3H4)Pd(carb'), 6 
Crystal Data 
C8H23B9PdS, M = 355.02, orthorhombic, space group Pna2 1 , a = 8.217(3), b = 
12.6118(16), c = 15.223(3) A, V = 1577.5 A, using 25 centered reflections 9 <e < 
120, Z = 4, D = 1.495 gcm 3 , J.L(MOKa) = 12.63 cm -1 , F(000) = 712. 
171 
3-(i- 1-syn-EtCO2-C3H4)-4-SMe2-3,1,2-closo-PdC2B9H 10, 
(EtCO2C3H4)Pd(carb'), 7 
Crystal Data 
C10HB902PdS, M = 413.05, orthorhombic, space group Pbca, a = 14.208(6), b = 
13.5 10(4), c = 19.056(6) A, V = 3657.9 A, using 25 centered reflections, 13 <0 < 
140, Z =8, DC  = 1.500 gcm 3 , L(MOKa) = 11.08 cm -1 , F(000) = 1664. 
Data Collection and Processing 
As described for compound 1. 1 <0 <25°, h 0-8, k 0-49, 10-412, scan speeds 
between 0.78 and 2.35 0miir 1 . 2290 unique data measured over 78 X-ray hours at 
185±1K with approximately 5% decay. 2286 reflections with F 2: 2.Oa(F) were 
retained. 
Structure Solution and Refinement 
As described for compound 1. Cage and allylic H atoms were positionally refined, 
methyl and ethyl set in idealised positions and all were refined with a group thermal 
Parameter; UH = 0.041(4) A2  at convergence. Weighting scheme w1 = [a2(F) + 
0.000090F21. R = 0.0496, Rw = 0.0363, S = 1.191. Maximum and minimum residues 
in the final iS.F map were 0.60 and -0.96 eA 3 respectively. 
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Table 5.9 Fractional Coordinates and Equivalent Thermal Parameters for 7 

























































































































































































































Table 5.10 Anisotropic Thermal Parameters (x 104A2 for Pd and S, x 103A2 for other 
atoms) for 7 
Atom tJll U22 U33 U23 U13 U12 
Pd(3) 0234 (2) 0234 (2) 0231 (2) -0020(2) 0007 (3) 0033 (2) 
C(i) 025 ( 3) 021 ( 3) 020 ( 3) -002 ( 3) -003 ( 3) -00-5 ( 3) 
C(2) 032 ( 4) 024 ( 3) 028 ( 4) 005 ( 3) 001 ( 3) -004 ( 3) 
BM 026 ( 4) 019 ( 3) 018 ( 4) -004 ( 3) 003 ( 3) -002 ( 3) 
B(5) 028 ( 4) 040 ( 4) 020 ( 4) 002 ( 3) 004 ( 3) 006 ( 4) 
B(6) 034 ( 4) 045 ( 4) 023 ( 5) 010 ( 3) 008 ( 3) -002 ( 4) 
B(7) 024( 4) 028( 4) 027( 4) -004( 4) 001( 3) 002( 4) 
B(8) 020 ( 4) 026 ( 3) 034 ( 4) 000 ( 3) -004 ( 4) 005 ( 4) 
3(9) 030 ( 4) 023 ( 4) 025 ( 4) -004 ( 3) -011 ( 3) 006 ( 3) 
B(10) 034( 5) 050( 5) 020( 4) -004( 4) -003( 4) 004( 4) 
B(11) 031( 4) 035( 4) 031( 3) -002( 3) -010( 4) -001( 4) 
B(12) 039 ( 5) 029 ( 3) 029 ( 4) -006 ( 3) -010 ( 4) 005 ( 3) 
S 0234 (7) 0221 (7) 0271 (8) -0031(8) -0041(8) 0017 (6) 
C(is) 034 ( 4) 030 ( 3) 037 ( 4) 006 ( 3) -001 ( 3) 005 ( 3) 
C (2S) 027 ( 3) 035 ( 3) 042 ( 4) -005 ( 3) -004 ( 4) 014 ( 3) 
C(31) 031 ( 4) 024 ( 3) 017 ( 3) -002 ( 3) 006 ( 3) 003 ( 3) 
C(32) 034 ( 4) 030 ( 3) 028 ( 4) -007 ( 3) 010 ( 3) 003 ( 3) 
C(33) 035 ( 4) 033 ( 4) 032 ( 4) -001( 3) 009 ( 3) 006 ( 3) 
C(311) 040 ( 4) 030 ( 4) 016 ( 4) -001( 3) 003 ( 3) 003 ( 3) 
0(1) 044 ( 3) 038 ( 3) 047 ( 3) 012 ( 2) -002( 2) -009( 2) 
0(2) 034 ( 3) 036 ( 2) 028 ( 2) 005 ( 2) 000 ( 2) 001 ( 2) 
C(312) 033 ( 4) 056 ( 4) 040 ( 4) 000 ( 4) -003( 3) -002( 4) 
C(313) 034 ( 4) 081 ( 6) 066 ( 6) 022 ( 5) -008( 4) 002 ( 4) 
174 
3-(i- 1-syn-Ph-C 3H4)-4-SMe2-3,1,2-closo-PdC2B9H 10, block, 
(PhC3H4)Pd(carb'), 8a 
Crystal Data 
C13H25B9PdS, M = 417.09, orthorhombic, space group Pna2 1 , a = 9.5252(15), b = 
12.0949(20), c = 16.592(5) A, V = 1911.5 A, using 25 centered reflections, 12 <0 < 
130, Z =4, DC  1.449 gcm 3, p.(Mo-K) = 10.54 cm, F(000) = 840. 
Data Collection and Processing 
As described for compound 1. 1 <0 <25°, h 0-411, k 0-14, 10-4 19, scan speeds 
between 0.83 and 2.35 0min 1 . 1447 unique data measured over 40 X-ray hours at 
185±1K with approximately 7% decay yielding 1439 reflections with F ~! 2.0(F). 
Structure Solution and Refinement 
As described for compound 1 but block diagonal least-squares refinement in two 
blocks, containing variable parameters for cage and SMe 2 + allyl groups respectively. 
Allylic and cage H atoms were restricted, H(10) was set in an idealised position and 
methyl H atoms were set riding on their respective carbon atoms. Phenyl carbons 
were fixed in a planar hexagon and phenyl hydrogen atoms were set in idealised 
positions. All H atoms were refined with group thermal parameters; UH = 0.030(6) 
and 0.058(6) A2  for cage and remaining H atoms at convergence. Weighting scheme 
W - 1 = [a(F) + 0.000085F2]. R = 0.0447, k = 0.0339, S = 1.004. Maximum and 
minimum residues in the final AF map were 0.13 and -0.13 eA 3 respectively. 
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Table 5.11 Fractional Coordinates and Equivalent Thermal Parameters for 8a 






























































































































































































































Table 5.12 Anisotropic Thermal Parameters (x 10 4A2 for Pd, x 103A2 for other atoms) for Sa 
Atom Ull U22 U33 U23 U13 U12 
C(1) 033 ( 5) 036 ( 5) 052 ( 5) 008 ( 5) -007( 4) -006( 5) 
C(2) 035 ( 5) 058 ( 5) 046 ( 9) 001 ( 5) -003( 4) 009 ( 4) 
Pd(3) 0374 (3) 0388(3) 0368 (3) 0025 (6) 0020 (6) 0067 (3) 
B(4) 043 ( 7) 030 ( 5) 052 ( 6) -001( 5) -002( 5) 012 ( 5) 
8(5) 059 ( 7) 035 ( 5) 031 ( 6) -005 ( 4) -017 ( 5) -005 ( 5) 
3(6) 038 ( 7) 059 ( 7) 063 ( 8) 012 ( 7) -018 ( 6) -009( 6) 
3(7) 046 ( 7) 064 ( 8) 064 ( 8) 004 ( 7) -002 (  017 (  
B(8) 081 ( 8) 043 ( 7) 040 ( 6) 012 ( 5) -038 ( 6) 014 ( 6) 
8(9) 061 ( 8) 043 ( 6) 043 ( 7) 009 ( 5) -016 ( 6) -004 (  
3(10) 059 (  056 ( 7) 060 ( 7) 000 ( 7) -024 ( 6) -005 ( 7) 
3(11) 031 ( 7) 109 (12) 083 (10) 031 ( 9) -013 ( 7) 011 ( 7) 
8(12) 045 ( 7) 061 ( 8) 074 ( 9) 016 ( 6) -020 ( 6) 010 ( 6) 
S 044( 1) 040( 1) 039( 1) 005( 1) 009( 1) 004( 1) 
C(is) 080 ( 7) 067 ( 6) 049 ( 6) -008 (  027 ( 5) 005 (  
C (2S) 062 ( 6) 047 ( 6) 061 ( 6) 004 ( 5) 021 ( 5) -011 ( 5) 
C(31) 038 ( 5) 040 ( 5) 053 ( 5) -005 ( 5) -008 ( 4) -009 ( 5) 
C(32) 062 ( 7) 047 ( 6) 042 ( 6) 009 ( 5) 012 ( 5) 011 ( 5) 
C(33) 072 ( 7) 052 ( 6) 044 ( 6) -012 ( 5) 016 ( 6) 015 ( 6) 
C(312) 030 ( 5) 059 ( 6) 040 ( 5) 000 ( 4) -009( 4) -007( 5) 
C(313) 036 ( 5) 057 ( 6) 061 ( 6) -004( 5) -015( 5) -001( 5) 
C(314) 043 ( 6) 048 ( 6) 060 ( 6) -006( 5) -025( 5) 007 ( 5) 
C(315) 044 ( 6) 065 ( 7) 057 ( 6) 005 ( 5) -009( 5) -013( 5) 
C(316) 033( 5) 050( 5) 051( 6) -004( 5) 000( 4) -006( 5) 
C(311) 027 ( 6) 047 ( 6) 045 ( 6) -007( 5) -007(  -001( 5) 
177 
Second crystal form of (PhC 3H4)Pd(carb'), (dendritic), 8b 
Crystal Data 
C13H25B9PdS, M = 417.09, orthorhombic, space group Pca2 1 , a = 21.279(l 1), b = 
9.183(2), c = 19.925(7) A, V = 3893.6 ,k3 , using 25 centered reflections, 10 <0 < 130, 
Z = 8 (2 independent molecules), D C  = 1.423 gcm 3, JL(MOKa) = 10.35 cm 1 , F(000) 
= 1680. 
Data Collection and Processing 
As described for compound 1. 1 <0 <22°, h 0-22, k 0-9, 1 0-21, scan speeds 
between 0.82 and 2.350min 1 . 4859 unique data were measured over 108 X-ray hours 
with approximately 45% decay yielding 3491 with F ~! 2.0a(F). 
Structure Solution and Refinement 
As described for compound 1. In both crystallographically independent 
molecules, 8b(1) and 8b(2), the phenyl carbon atoms were set in a planar hexagon 
and H31 a, H32, methyl and phenyl H atoms were set in idealised positions riding on 
their respective carbon atoms. In addition, the cage atoms Hi, H2, H10 and H12 in 
Sb! and Hi, H6, H8, HiO and H12 in 8b2 were fixed in idealised positions. The 
remaining allylic and cage H atoms were positionally refined. All H atoms were 
refined with a group thermal parameter, UH = 0.068(5) A2  at convergence. 
Weighting scheme w = [a(F) + 0.000249172]. R = 0.0494, R, = 0.0429, S = 1.223. 
Maximum and minimum residues in the final AF map were 0.29 and -0.35 eA 3 
respectively. 
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Table 5.13 Fractional Coordinates and Equivalent Thermal Parameters for 8b(1) 
Atom 	x 
Pd(3) -0.30071( 4) 
S 	-0.25236(19) 




C(2S) -0.1997( 7) 
H(2S1)-0. 2262 
• (2S2) -0.1616 
H(2S3)-0. 1810 
0(1) 	-0.3254( 5) 
0(2) -0.3325( 6) 
3(4) 	-0.2567( 7) 
-0.2725( 7) 
-0.3201( 7) 
3(7) 	-0.2665( 8) 
3(8) -0.2074( 7) 
B(9) 	-0.1999( 7) 













C(31) -0.3544( 6) 
H(31A)-0.3110( 6) 
0(32) -0.3548( 7) 
H(32) -0.3989( 7) 
0(33) -0.2997( 7) 
H(33A) -0.25461 
H(33S) -0.30053 






















































































































































0) 	0.0425( 5) 




Table 5.14 Anisotropic Thermal Parameters (x 10 4A2 for Pd, x 103A2 for other atoms) for 
8b(1) 
Atom Ull U22 U33 U23 U13 U12 
Pd(3) 0378(5) 0428 (5) 0468 (6) 0057 (7) -0007(6) 0009(5) 
S 046 ( 	2) 040 ( 	2) 058 ( 	3) -005( 2) 003 ( 2) -005( 2) 
C(1S) 106 (13) 053 ( 	9) 044 ( 	9) -017( 7) 011 ( 9) -018( 9) 
C (2S) 080(11) 046 ( 	9) 053 (10) -003( 7) 006 ( 9) -026( 8) 
CM 028 ( 	7) 047 ( 	8) 036 ( 	7) 014 ( 6) -001( 6) 000 ( 6) 
C(2) 042 ( 	8) 026 ( 	7) 050 ( 	9) -001( 7) 000 ( 7) -007( 6) 
3(4) 022 ( 	8) 047 ( 	9) 043 ( 	8) -009( 9) 006 ( 6) -020( 9) 
B(5) 041 ( 	9) 038 ( 	9) 042 (10) 002 ( 8) 014 ( 8) -007( 7) 
B(6) 050 (12) 047(11) 071 (13) 014 ( 9) 013 ( 9) -007( 8) 
B(7) 058(11) 035 (10) 050(11) -010( 8) -016( 9) 014 ( 8) 
B(8) 040 (10) 053 ( 	9) 037 (10) -002( 8) 003 ( 8) 005 ( 9) 
B(9) 040 (10) 060(11) 051 (11) 002 ( 9) -016( 9) 008 ( 9) 
B(10) 047(11) 065 (12) 047(11) 012 ( 9) -006( 9) 017 (10) 
3(11) 052 (10) 037(10) 053 (10) 010 ( 9) -007( 8) 007 ( 8) 
B(12) 063 (12) 063(11) 040(10) 012 ( 9) 009 ( 9) 018 (10) 
C(31) 053 ( 	9) 051 ( 	9) 060 (10) -003( 7) -023( 8) -022( 7) 
C(32) 054 (10) 070 (10) 064 (10) 021 ( 9) -012( 8) -008( 8) 
C(33) 064 (10) 089(13) 058 (10) 020 ( 8) 012 ( 8) 005 (10) 
C(312) 061 (10) 053 (10) 063 (10) 009 ( 8) -038( 8) 006 ( 8) 
C(313) 140 (16) 039 ( 	 9) 049(10) -010( 8) -017(11) 013(11) 
C(314) 089 (13) 051 (10) 056(10) 013 ( 8) 012 ( 9) 036 ( 9) 
C(315) 060 (10) 056 (10) 071 (10) 022 ( 8) -025( 9) 007 ( 8) 
C(316) 054 ( 	 8) 050 ( 	 7) 054 (10) 009 ( 8) -008 ( 7) 014 ( 8) 
C(311) 047( 	8) 055( 	8) 044( 	9) 012( 9) -001( 8) 002( 7) 
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Table 5.15 Fractional Coordinates and Equivalent Thermal Parameters for 8b(2) 
Atom 	x 
Pd(3) -0.98259( 4) 
S 	-1.09620(14) 










3(4) 	-1.0879( 6) 
3(5) -1.1442( 7) 
B(6) 	-1.1088( 8) 
3(7) -1.0248( 8) 
3(8) 	-1.0662( 9) 
-1.1429( 8) 
-1.1557( 8) 
3(11) -1.0832( 7) 



























































































































































Table 5.16 Anisotropic Thermal Parameters (x 10 4A2 for Pd, x 103A2 for other atoms) 
for 8b(2) 
Atom Ull U22 U33 U23 U13 U12 
Pd(3) 0472 (5) 0487 (5) 0402 (6) 0003(7) -0046(6) 0095 (5) 
S 058 ( 	2) 041 ( 	2) 047 ( 	2) -007( 	2) 007 ( 2) 008 ( 2) 
C(1S) 058 ( 	8) 068 ( 	9) 068 ( 	9) -005(10) -007(  033( 7) 
C (2S) 053( 	9) 091 (12) 069(11) -031( 	9) -011( 9) 012 ( 8) 
CM 043 ( 	8) 034 ( 	8) 026 ( 	8) 000 ( • 6) 019 ( 7) -003( 6) 
C(2) 054 (10) 048 ( 	9) 045 (10) 002 ( 	8) 023 ( 8) -009( 8) 
B(4) 042( 	7) 057( 	9) 037( 	8) 034(11) 008( 9) 015( 7) 
3(5) 039 ( 	 9) 043 ( 	 9) 033 ( 	 9) 013 ( 	 8) -004( 7) -003( 7) 
B(6) 074 (12) 040 ( 	 9) 036 (10) 015 ( 	 8) -004( 9) -018( 9) 
3(7) 065(11) 072(11) 042 (13) 018 (10) 020(11) 036 ( 9) 
B(8) 065 (12) 072 (13) 037(11) 026 (10) -003( 9) 007 (10) 
B(9) 083(13) 039 ( 	 9) 028 ( 	 9) 011 ( 	 8) 020 ( 9) 020 ( 9) 
3(10) 063(12) 062 (12) 080(14) 017 (10) 027 (10) 005( 9) 
B(11) 051 (10) 061 (12) 070(11) -004(11) 012 ( 9) 007(11) 
B(12) 055(11) 050 (10) 072 (13) 020 (10) 011 (10) 008 ( 9) 
C(31) 049 ( 	8) 045 ( 	9) 076(11) -002( 	8) -010( 8) -003( 7) 
C(32) 048 ( 	8) 073(11) 072 (12) -002( 	9) -012( 8) -004( 8) 
C(33) 042 ( 	8) 090(11) 071 (11) 004 (10) -008( 8) 020 ( 9) 
C(312) 041 ( 	 8) 041 ( 	 8) 066(10) 000 ( 	 9) 007 ( 8) -014( 7) 
C(313) 035 ( 	8) 053 (10) 063(11) -003( 	8) 012 ( 8) -013( 7) 
C(314) 053 (10) 090(12) 041 ( 	 9) 009 ( 	 9) 002 ( 7) 004( 9) 
C(315) 087 (12) 063 (10) 096(14) 034(11) 052 (12) 014 ( 9) 
C(316) 083(13) 045 (10) 089(14) 002 ( 	 9) 040(10) 009 ( 9) 
C(311) 039 ( 	 9) 064(11) 044(11) 004 ( 	 9) 010 ( 7) -011(  
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[HNEt3][7,8-Ph2-7,8-nido-C2B9H 10], [HNEt3]9 
Crystal Data 
C20H36N139, M = 387.80, triclinic, space group Pbarl, a = 11.014(4), b = 
11.030(7), c = 12.333(6) A, a = 67.83(5), = 80.78(4), y=  60.20(5)0, V = 1203.3 A, 
using 25 centered reflections, 9 <0 13 0, Z = 2 ion pairs, Dc = 1.070 gcm 3, p(MO-K) 
= 0.52 cm 1 , F(000) = 416. 
Data Collection and processing 
As described for 1. 4462 unique data measured over 96 X-ray hours with 
approximately 2% decay, 1 <0 <25°, h 0-13, k -13-413,1 -14--14 yielding 3289 
with F ~t 2.0c(F). Scan speeds between 0.87 and 2.350min4. 
Structure Solution and Refinement 
All non-H atoms of the [Ph 2C2B9H10] anion were found by direct methods, cage 
H and non-H atoms of the counter ion were located by full-matrix least-squares 
refinement/AF syntheses. Cage H atoms were positionally refined, Phenyl H atoms 
were fixed in idealised positions. In the counter ion, [I1NEt 3], methylenic carbon 
atoms CO 1), C(21), C(31) and methyl carbons C(22), C(32) exhibit disorder over two 
sites. As a result, the ethyl and ammonium H atoms were neither found nor set. In 
the final stages all non-H atoms refined with anisotropic thermal parameters. H 
atoms positionally refined but with a group isotropic thermal parameter [U = 0.085(3) 
A2 at convergence]. Weights applied according to w = [a2(F) + 0.000306 F2]. R = 
0.1074, R = 0.1206, S = 2.165. Maximum and minimum residues in final BF map 
0.64 and -0.42 ek3 respectively. 
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Table 5.18 Anisotropic Thermal Parameters (x10 3) (A2) for [HNEt3]9 
Atom Ull U22 U33 U23 U13 U12 
B(1) 054 ( 3) 035 ( 2) 069 ( 3) -005( 2) 007 ( 3) -016( 2) 
B(2) 039 ( 3) 060 ( 3) 060 ( 3) -014( 2) 004 ( 2) -022 ( 2) 
B(3) 051 ( 3) 065 ( 3) 059 ( 3) -010( 3) 005 ( 3) -030 ( 3) 
B(4) 060 ( 3) 049 ( 3) 058 ( 3) -015( 2) 009 ( 2) -034 ( 3) 
B(5) 075 ( 4) 048 ( 3) 075 ( 4) -027( 3) 012 ( 3) -031( 3) 
B(6) 051 ( 3) 056 ( 3) 068 ( 3) -019( 3) 013 ( 3) -017( 3) 
C(7) 037 ( 2) 044 ( 2) 041 ( 2) -009 ( 2) -001( 2) -022( 2) 
C(8) 034 ( 2) 039 ( 2) 042 ( 2) -011( 2) 003 ( 2) -018( 2) 
B(9) 052 ( 3) 057 ( 3) 049 ( 3) -020 ( 2) 005 ( 2) -029 ( 3) 
B(10) 070 ( 4) 052 ( 3) 055 ( 3) -023 ( 3) 017 ( 3) -028 ( 3) 
B(11) 004 ( 3) 054 ( 3) 053 ( 3) -013 ( 2) 006 ( 2) -022 ( 2) 
C(71) 045 ( 2) 051 ( 2) 048 ( 2) -017 ( 2) 000 ( 2) -027 ( 2) 
C(72) 112 ( 4) 074 ( 3) 062 ( 3) -022 ( 3) 003 ( 3) -057 ( 3) 
C(73) 148 ( 6) 121 ( 5) 073 ( 4) -047 ( 4) 005 ( 3) -086 ( 5) 
C(74) 142 ( 5) 100 ( 4) 110 ( 5) -053 ( 4) 014 ( 4) -083 ( 4) 
C(75) 158 ( 6) 071 ( 3) 090 ( 4) -020 (  003 (  -073 ( 4) 
C(76) 109 ( 4) 068 ( 3) 063 ( 3) -020 ( 2) 002 ( 3) -059 ( 3) 
C(81) 032 ( 2) 044 ( 2) 050 ( 2) -016( 2) 003 ( 2) -019( 2) 
C(82) 048( 2) 054( 2) 052( 3) -017( 2) 009( 2) -020( 2) 
C(83) 057 ( 3) 073 ( 3) 065 ( 3) -031( 3) 022 ( 2) -029( 3) 
C(84) 051 ( 3) 062 ( 3) 094 ( 4) -032( 3) 013 ( 3) -013( 3) 
C(85) 060 ( 3) '047 ( 3) 086 ( 4) -011( 3) -002( 3) -002( 3) 
C(86) 053 ( 3) 053 ( 3) 057 ( 3) -014( 2) 008 ( 2) -017( 2) 
186 
exo--4,9-{Rh(PPh 3)2}-7,8-Ph 2-7,8-nido-C2B9H 10.CH2CI21  lOa 
Crystal Data 
C50H50B9P2Rh.CH2C121  M = 998.03, triclinic, space group Pbarl, a = 10.6178(23), 
b = 12.534(4), c = 20.461(4) A, a = 102.82(2), P = 94.55(2), y = 105.37(2)10 , V = 
2533.0 A, using 25 centered reflections, 11 <9 < 13 0, Z = 2, Dc = 1.308 gcm 3 , 
I.L(MOKa) = 5.33 cm, F(000) = 1024. 
Data Collection and Processing 
As described for compound 1. 1 <9 <25°, h 0-*7, k -9-39, 1 -14--* 14, scan speeds 
0.87 - 2.350min. 9427 data measured over 212 X-ray hours, approximately 7% 
decay, 7024 reflections with F 2t 2.0a(F) retained. 
Structure Solution and Refinement 
Patterson synthesis for Rh position and AF syntheses for all other atoms. Block 
diagonal least-squares refinement in two blocks, containing the variable parameters 
for the (Rh(PPh3)2 ) and cage + CH202 moieties respectively. H(12)fixed in an 
idealised position, all other cage H atoms positionally refined, Ph carbon atoms fixed 
in planar hexagons and Ph hydrogens set in idealised positions. Disorder exhibited 
by one boron vertex over two sites (B(3) and B(12)) hence refined as 0.667B and 
0.333B respectively. Following absorption correction, non-hydrogen atoms refined 
with anisotropic thermal parameters. H atoms refined with a group isotropic thermal 
parameter; 0.12(6) A2  at convergence. Weights applied according to w 1 = [a2(F) + 
0.001070 F2]. R = 0.0657, RW  = 0.0791, S = 1.292. Maximum and minimum residues 
in final AF map 1.45 and -0.89 eA 3 respectively. 
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H(76) 0.2357 -0.4156 0.32271 
 0.3094 -0.0117 0.44993 
 0.0945 -0.0088 0.48798 
 -0.1138 -0.1223 0.41225 
 -0.1072 -0.2386 0.29847 
 0.1077 -0.2415 0.26042 
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Table 5.20 Anisotropic Thermal Parameters (x 10 4A2 for Rh and P atoms, x 103A2 for 
other atoms) for lOa 
Atom 	Ull 
Rh 	0365 (3) 


















C(131) 	053( 4) 
2(2) 0485(9) 
055( 4) 
060 ( 5) 
066( 5) 
C (215) 	081 ( 6) 
C(216) 068( 5) 






C(221) 	062( 4) 
093( 7) 
128 ( 9) 
146(10) 
132( 9) 
098 ( 6) 
C(231) 	068( 5) 
3(1) 040( 4) 
054( 5) 
058( 7) 
3(4) 	039( 4) 
B(5) 051( 5) 
3(6) 	067( 6) 
061( 4) 
044( 4) 
3(9) 	052( 4) 
3(10) 075( 6) 
081( 6) 

















































































































010 ( 3) 
















011 ( 4) 
011 ( 3) 
012( 3) 
024 ( 3) 
032( 4) 
016( 4) 






-007 ( 5) 
005( 4) 
011 ( 3) 





















































































































C(72) 144 ( 9) 071 ( 5) 052 ( 5) 020 ( 4) -006( 5) -005( 5) 
C(73) 184 (11) 093 ( 7) 052 ( 5) 028 ( 5) 007 ( 6) 018 ( 7) 
C(74) 141 ( 9) 106 ( 7) 087 ( 7) 057 ( 6) 034 ( 6) 031 ( 7) 
C(75) 144 ( 9) 080 ( 6) 096 ( 7) 045 ( 6) 008 ( 7) -014( 6) 
C(76) 115( 7) 054( 4) 067( 5) 022( 4) 003( 5) -007( 4) 
C(71) .071( 5) 055 ( 4) 058 ( 4) 028 ( 3) 003 ( 4) 023 ( 4) 
C(82) 077 ( 6) 100 ( 6) 088 ( 6) 009 ( 5) 038 ( 5) 026 ( 5) 
C(83) 129 (10) 145 (10) 152(11) 029 ( 8) 097 ( 9) 049 ( 9) 
C(84) 080 ( 8) 192 (14) 197 (14) 124 (12) 082 ( 9) 062 ( 9) 
0(85) 057 ( 6) 196 (13) 170 (12) 099(11) 020 ( 7) 019 ( 7) 
C(86) 038 ( 4) 121 ( 7) 099 ( 7) 037 ( 6) 002 ( 4) 000 ( 4) 
C(81) 049 ( 4) 058 ( 4) 063 ( 4) 030 ( 3) 011 ( 3) 016 ( 3) 
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Section 3 
Molecular Orbital Calculations 
Introduction 
The extended HUckel molecular orbital method (EHMO method) 162,163 has been 
employed extensively in both organic and inorganic chemistry to elucidate a range of 
structural problems. In this work, it has been used to compare the relative stabilities 
of rotamers, to determine the frontier MOs of metal and carbaborane fragments and 
to compare the charge distributions in compounds 2 and 4t 
The EHMO method is based on the linear combination of atomic orbitals (LCAO): 
"ii = civi + cwj 
where 'P is a molecular orbital derived from the atomic orbitals iy and '9i, whose 
contributions to 'P are described by the coefficients c 1 and c respectively. In the 
EHMO method, the valence orbitals of all atoms in the molecule are used as the basis 
set of atomic orbitals. 
By using the LCAO approach, a secular equation can be derived for each 
molecular orbital of the general form: 
c(Hj - S JE) =0 
In which the Hamiltonian operator H 1 the exchange integral, is defined by: 
}{jj  = J W1HV dt 
and S is the overlap integral: 
Sij = J WixVj dc 
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The set of equations for all MOs will only be consistent if the secular determinant 
derived from them is zero: 
IH-S1 E I=o 
Solution of the secular determinant affords MO energies which in turn lead to 
evaluation of the coefficients c by manipulation of the secular equations. It can be 
seen that values for S 1 . and H11 (for the diagonal matrix elements) are required for 
the calculation of energies and contributions by this method. 
Evaluation of S ii 
Each AO is approximated by a Slater-type orbital defined by: 
= R(r).Y(O, 4) 
in which the radial wavefunction, R(r), takes the form: 
R(r) = 
The AO wavefunctions can thus be determined from Slater exponents, , which 
define the diffuseness of the orbitals in physical terms and are related to effective 
nuclear charge: 
= (Z - 
where Z is the nuclear charge and a is a screening constant. 





H 1 , known as the coulomb integral, is defined for each atomic orbital by: 
= IVHW dt 
The values used for Hs of non-metal atoms were generally the valence shell 
ionisation potentials (VSIPs). Those used for Rh and Pd were optimised by a charge 
iteration method performed on the experimentally determined structures of 1 and 5 
(see later). For the calculations to determine the distribution of charge in compounds 
2 and 4, Hs  of all atoms were optimised. 
Evaluation of I-l 1js 
The EHMO method uses the modified WolfsbergHelmholtzIM formula to 
compute values for H from a pair of 1- 1s: 
= 0.5K'S 1 (H + H) 
Where K'=K+A2 +A4(1-K) 
K is a constant, set at 1.75 for all calculations presented, 
and E=(Hj -HJJ)-i-(H11 +H) 
Using the approximations and formulae described above, the energies of MOs and 
contributions from each AO to each MO can be determined from the VSIPs and 
Slater exponents of atomic orbitals. A value for the total energy can also be 
calculated, by summation of the energies of all electrons in the molecule (the sum of 
one-electron energies). The energies computed by the EHMO method tend to be 
quantitatively inaccurate but do reflect general trends. On several occasions in this 
work, the total energies of a set of model molecules, with metal fragments in different 
orientations, have been compared to predict relative stabilities of rotamers and hence 
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preferred conformations and rotational barriers. In addition, the composition of 
frontier MOs of model fragments have been useful in rationalising experimentally 
and theoretically observed structural preferences. 
Optimisation of H11s 
For all calculations except those to determine the charge distributions in 
compounds 2 and 4, Rh and Pd H11s were optimised using the experimentally 
determined structures of 1 and 5 as models. Thereafter these optimised values were 
used in all relevant calculations. In the charge distribution calculations, Hs  of all 
atoms were optimised. The Hs are given by: 
= -VSIP(Q) 
14 
where VSIP(Q) is the valence state ionisation potential of orbital i in an atom with 
total charge Q. The VSIP(Q) functions take the form: 
VSIP(Q) = AQ2 + BQ + C 
The parameters A, B and C depend on the particular atom and orbital. For the metal 
optimisations, three functions were used for each s, p or d valence orbital, each 
one corresponding to a different configuration. For the charge calculations on 
compounds 2 and 4, only one configuration was used for each orbital. The cycles 
were repeated until self-consistent charges (change < 10e ) resulted. 
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Net Atomic Charges 
The net atomic charge is given by q - Z where q is the atomic charge and Z the 
atomic number. 
q = q(i) 
and q(i) = 	+ NcmcjnSjj) 
In this way, net atomic charges were calculated for compounds 2 and 4t 
A locally modified version of 1C0N8 165  was employed for all EHMO calculations. 
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Idealised Models 
Molecular orbital calculations were performed on models of compounds 1, 2, 4, 
5, 7 and 8 to generate the sum of one-electron energies for different molecular 
conformations. Each model was comprised of two fragments, a {C 2B9H10SMe2 ) 
fragment incorporating an idealised nido-icosahedral C 2139 cage framework, and an 
idealised metal fragment. In each series of calculations, the orientation of the metal 
fragment was varied by rotation about the z axis in increments of 18 0. The z axis is 
defined by the metal atom, the B 5 and C2133 centroids and B(10), the cage atom 
opposite the ligating face. The coordinates given in the following pages for metal 
fragments are for atoms in the 0 0 position in which the approximate ML2 plane is in 
the yz plane. Individual fragment models were used in determining frontier MOs. 
The SMe2 group of (carb') was modelled by SH 2 in every case. Distances used in 
idealised icosahedra were B-B = B-C = C-C = 1.75 A, B-H = C-H = 1.20 A, B-S = 
1.88 A,S-H = 1.42 A. Tetrahedral geometry was assumed around S with the sulphur 
lone pair parallel to B(4)-C(1) (closo numbering). 
198 
Orbital Parameters used in EHMO calculations 
The following table lists the values for Hs and Slater orbital exponents () that 
were used in all calculations except those to determine the charge distribution in 
compounds 2 and 4. The values given for Pd and Rh were optimised by charge 
iteration on those atoms in compounds 5 and 1 respectively. The Hs  given for all 
other atoms are the VSIPs. 
Table 5.21 Orbital Parameters 
AO Hij  C 1 
H (is) -13.60 1.30 
B (2s) -15.20 1.30 
B (2p) -8.50 1.30 
C (2s) -21.40 1.625 
C (2p) -11.40 1.625 
o (2s) -32.30 2.275 
o (2p) 714.80 2.275 
S (3s) -20.00 2.122 
S (3p) -11.00 1.827 
Rh (4d) -11.91 4.29 	1.97 	0.58095 	0.56824 
Rh (5s) -8.61 2.135 
Rh (Sp) -3.16 2.10 
Pd (4d) -12.45 5.983 	2.613 	0.58415 	0.58151 
Pd (5s) -8.51 2.19 
Pd (Sp) -2.06 2.152 
c 1 and c2  are coefficients in the double expansion. 
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Calculations to determine the charge distribution in compounds 2 and 4 were 
performed with full charge iteration (H optimisation for all atoms). The resultant H 11s 
are reported below. N.B. Experimentally determined atomic coordinates were used 
and the SMe2 groups were modelled by SH2. 
Table 5.22 Optimised H is for atoms in compound 2 

























 -15.85954 -9.15954 
 -15.38672 -8.68672 
 -15.68999 -8.98999 
 -15.00397 -8.30397 
 -14.71176 -8.01176 
 -14.92547 -8.22547 
 -15.00966 -8.30966 
 -15.30913 -8.60913 
 -14.78991 -8.08991 
 -20.29279 -10.49279 
 -20.09051 -10.29051 
 -19.90704 -10.10704 
 -19.90272 -10.10272 
 -20.41564 -10.61564 
 -20.40095 -10.60095 
 -19.90911 -10.10911 
 -19.94626 -10.14626 
 -20.42223 -10.62223 
 -20.38737 -10.58737 
S -25.84404 -15.28404 
Rh(3) -8.77240 -3.19212 	-12.12115 
Table 5.23 Optimised H 1s for atoms in 4 

























B(4) -16.08926 -9.38926 
8(5) -15.74895 -9.04895 
 -15.92704 -9.22704 
 -15.59460 -8.89460 
 -14.86076 -8.16076 
8(9) -15.19931 -8.49931 
8(10) -15.28442 -8.58442 
8(11) -15.74926 -9.04926 
B(12) -15.11582 -8.41582 
 -20.59568 -10.79568 
 -20.34986 -10.54986 
 -20.62410 -10.82410 
 -20.50838 -10.70838 
 -20.69098 -10.89098 
 -20.74516 -10.94516 
 -20.46916 -10.66916 
 -20.51792 -10.71792 
 -20.62736 -10.82736 
 -20.72781 -10.92781 
S -25.96058 -15.40058 




Models for (carb) and {carb'} 
The following table lists the coordinates of atoms in the idealised nido-icosahedral 
fragment (C2B9H 11 }, used as a model for (carb). A closo numbering scheme is 
given. 
Table 5.24 Coordinates of Atoms in the Idealised Model ( C2B9H11 ) and (carb' ) Fragments 
Atom x y z 
 0.87503 -1.20433 -1.52000 
 -0.87498 -1.20430 -1.52000 
B(4) 1.41582 0.46007 -1.52000 
3(5) 1.41579 -0.46004 -3.00860 
B(6) -0.00004 -1.48869 -3.00860 
3(7) -1.41579 0.46004 -1.52000 
3(8) 0.00004 1.48869 -1.52000 
3(9) 0.87498 1.20430 -3.00860 
3(10) 0.00000 0.00000 -3.92870 
3(11) -1.41582 -0.46007 -3.00860 
B(12) -0.87503 1.20433 -3.00860 
 1.50590 -2.07270 -0.98330 
 -1.50591 -2.07270 -0.98330 
 2.43659 0.79173 -0.98331 
 2.43660 -0.79170 -3.54530 
 0.00000 -2.56200 -3.54530 
 -2.43660 0.79170 -0.98330 
 0.00000 2.56200 -0.98330 
 1.50591 2.07270 -3.54530 
 0.00000 0.00000 -5.12870 
 -2.43660 -0.79170 -3.54530 
 -1.50590 2.07270 -3.54530 
For (carb'), H(4) was replaced by an SH2 group with the following atomic coordinates: 
S 	3.04905 	0.99072 -0.66130 
H(1s) 	2.76327 1.94396 	0.35160 
H(2s) 3.92266 	1.56723 -1.62090 
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Models for (Rh(CO) 2), {Rh(cod)} and {Pd(cod)} 
The numbering schemes given for the following fragments are the same as those 
employed for the experimentally determined structures of compounds 1, 2 and 4' 
respectively. 
Models of compounds 1, 2 and 4 were composed of the (carb') fragment model 
and the model of the appropriate metal fragment. 
Table 5.25 Coordinates of Atoms in the Idealised Model (Rh(CO)2) Fragment at cc =0° 
Atom x y z 
Rh(3) 0.00000 0.00000 0.22920 
 0.00000 1.30490 1.56870 
 0.00000 -1.30490 1.56870 
0(1) 0.00000 2.08330 2.38650 
0(2) 0.00000 -2.08330 2.38650 
Table 5.26 Coordinates of Atoms in the Idealised Model (Rh(cod)) Fragment at cc =0° 
Atom x y z 
Rh(3) 0.00000 0.00000 0.18860 
 0.70480 1.38850 1.66810 
 -0.70480 1.38850 1.66810 
 -1.54350 0.76150 2.73970 
 -1.54350 -0.76150 2.73970 
 -0.70480 -1.38850 1.66810 
 0.70480 -1.38850 1.66810 
 1.54350 -0.76150 2.73970 
 1.54350 0.76150 2.73970 
H(111) 1.21150 1.87020 0.84490 
H(121) -1.21150 1.87020 0.84490 
 -1.17270 1.09770 3.69670 
 -2.56160 1.09770 2.60970 
 -1.17270 -1.09770 3.69670 
 -2.56160 -1.09770 2.60970 
H(151) -1.21150 -1.87020 0.84490 
H(161) 1.21150 -1.87020 0.84490 
 1.17270 -1.09770 3.69670 
 2.56160 -1.09770 2.60970 
 1.17270 1.09770 3.69670 
 2.56160 1.09770 2.60970 
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Table 5.27 Coordinates of Atoms in the Idealised Model (Pd(cod)) Fragment at a =0° 
Atom x y z 
Pd(3) 0.00000 0.00000 0.25190 
 0.70480 1.38850 1.88720 
 -0.70480 1.38850 1.88720 
 -1.54350 0.76150 2.95880 
 -1.54350 -0.76150 2.95880 
 -0.70480 -1.38850 1.88720 
 0.70480 -1.38850 1.88720 
 1.54350 -0.76150 2.95880 
 1.54350 0.76150 2.95880 
H(111) 1.21150 1.87020 1.06400 
H(121) -1.21150 1.87020 1.06400 
 -1.17270 1.09770 3.91580 
 -2.56160 1.09770 2.82880 
 -1.17270 -1.09770 3.91580 
 -2.56160 -1.09770 2.82880 
H(151) -1.21150 -1.87020 1.06400 
H(161) 1.21150 -1.87020 1.06400 
 1.17270 -1.09770 3.91580 
 2.56160 -1.09770 2.82880 
 1.17270 1.09770 3.91580 
 2.56160 1.09770 2.82880 
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Charge distribution calculations 
The experimentally obtained coordinates for compounds 2 and 4, (which can be 
found in Section 2), were used to determine the charge distributions in the two 
molecules. The SMe2 substituents were however modelled by SH 2 groups whose H 
atom positions were set as follows: 
Atom x y z 
H(1S) -0.5891 -2.7515 14.6566 
H(2S) 1.4229 -2.7559 15.4670 
in compound 2, 
Atom x y z 
H(1S) 3.9512 3.5691 1.8987 
H(2S) 2.5792 4.1019 3.5109 
in 4 corresponding to S-H bonds of 1.42 A. 
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The following table lists the calculated net charges of atoms in the experimentally 
derived models described above. 
Table 5.28 Calculated Net Atomic Charges in 2 and 4 
Atom Net Charge in Net Charge in 
(cod) Rh (carb') [(cod) Pd(carb') ] 
 -0.00900 0.01644 
 -0.02601 -0.00420 
M 0.22136 0.29437 
 0.10811 0.13156 
 0.05987 0.09684 
 0.09081 0.11501 
 0.02082 0.08108 
3(8) -0.00900 0.00620 
3(9) 0.01280 0.04075 
B(10) 0.02139 0.04943 
3(11) 0.05195 0.09687 
3(12) -0.00103 0.03223 
 -0.00921 0.00724 
 -0.00797 0.01722 
H(S) -0.07784 -0.07735 
 -0.07253 -0.04983 
 -0.10168 -0.08019 
 -0.10711 -0.09530 
 -0.09138 -0.09746 
 -0.09085 -0.08272 
 -0.08492 -0.07465 
 -0.09543 -0.09825 
 -0.04139 0.01885 
 -0.04182 0.00909 
 0.00133 0.02446 
 0.00005 0.02900 
 -0.04116 0.00587 
 -0.03822 0.00985 
 0.00190 0.01913 
 -0.00108 0.02754 
H(111) -0.00749 0.00365 
H(121) -0.00657 0.01949 
 -0.01352 -0.00612 
 -0.01430 -0.00443 
 -0.01449 -0.00691 
 -0.01250 -0.00157 
H(151) -0.00894 0.02100 
H(161) -0.01334 -0.00323 
 -0.01297 -0.00804 
 -0.01446 -0.00247 
 -0.01357 -0.00451 
 -0.01529 -0.00173 
S 0.34475 0.35669 
H(1S) 0.08150 0.08529 
H(2S) 0.07844 0.08381 
PTCOM 
Models of (Pd(C3H5)) and derivatives 
The numbering schemes given for the following fragments are the same as those 
employed for the experimentally determined structures of 5, 7 and 9. 
Models of compounds 5, 7 and 9 were composed of the {carb'} fragment model 
given above and the appropriate metal fragment. 
Coordinates for only the crystallographically observed geometric isomers of 
compounds 7 and 9 at a = 00  are given. Coordinates for the alternative isomers at a 
=0° can be generated by reflection in y =0. 
Table 5.29 Coordinates of Atoms in the Idealised Model {Pd(C 3H5)} Fragment at a = 00 




















Table 5.30 Coordinates of Atoms in the Idealised Model (Pd(1-syn-CO 2Et-C3H4)) Fragment 
at a =0° 
Atom x y z 
Pd(3) 0.00000 0.00000 0.30650 
 -0.07780 -1.20850 2.09650 
 -0.76060 0.00000 2.24780 
 -0.07780 1.20850 2.09650 
 -0.83520 -2.47710 1.96840 
0(1) -2.02970 -2.55930 1.86320 
0(2) -0.01800 -3.52250 1.98480 
 -0.59990 -4.81140 1.71340 
 0.46510 -5.83380 1.85380 
H(31a) 0.97660 -1.20740 1.86290 
H(32) -1.81500 -0.00110 2.48140 
H(33a) 0.97660 1.20740 1.86290 
H(33s) -0.60410 2.14440 2.21310 
 -0.99610 -4.83050 0.70890 
 -1.39430 -5.01050 2.41750 
 0.05340 -6.81220 1.65480 
 0.85970 -5.80690 2.85880 
 1.25780 -5.62690 1.15010 
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Table 5.31 Coordinates of Atoms in the Idealised Model (Pd(1-syn-Ph-C 3H4)) Fragment at 
CL = 00 
Atom x y z 
Pd(3) 0.00000 0.00000 0.31500 
 0.04450 -1.21310 2.11510 
 -0.62380 0.00000 2.31780 
 0.04450 1.21310 2.11510 
C(311) -0.63660 -2.52960 2.01020 
C(312) 0.16760 -3.66680 2.08830 
C(313) -0.40660 -4.93480 1.99720 
C(315) -2.58940 -3.92860 1.75000 
C(314) -1.78510 -5.06570 1.82810 
C(316) -2.01510 -2.66050 1.84110 
H(31a) 1.07800 -1.21440 1.80160 
H(32) -1.65730 0.00130 2.63130 
H(33a) 1.07800 1.21440 1.80160 
H(33s) -0.47340 2.14770 2.27220 
 1.23490 -3.56540 2.21920 
 0.21600 -5.81520 2.05760 
 -2.22970 -6.04750 1.75760 
 -3.65660 -4.02990 1.61910 
 -2.63780 -1.78020 1.78070 
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Structures of [HNEt3J + and IMe3NCH2C6H5J + Salts of [7,8-Ph 2-7,8-nido- 
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(Received 24 August 1992; accepted 17 November 1992) 
Abstract. Triethylammonium 7,8-diphenyl-7,8-djcar-
ba-nido-decahydroundecaborate(1 -), C 6H 16N 
H20139- , M, = 387.80, tricinic, P1, a = 11.014 (4), b = 
11.030 (7), c = 12.333 (6) A, a = 67.83 (5), fi = 
80.78 (4), y = 60.20 (5)0 , V = 1203.3 A3 . Z = 21  D, 
1.070 Mg m 3, 	A(Mo Ka) = 0.71069 A, 	A = 
0.052 mm, F(000) = 416, T= 291 (1) K, R 
0.1074 for 3289 independent observed reflections. 
Benzyltnmethylamrnonium 7,8-diphenyl-7,8-dicarba- 
nido-decahydrouncjecaborate( I -), 	C 10H 16N + 
C I4H2OB, M, = 435.85, monocinic, P2 1 1n, a = 
10.751 (4), b = 21.662 (4), c = 11.9745 (25) A, 6 = 
106.592 (23)°, 	V= 2672.5 A 3 , 	Z = 41 	D T  
1.083 Mg m 3, A(Mo Ka) = 0.71069 A, p. = 
0.053 mm, F(000) = 928, T= 185(1)K, R= 
0.0637 for 3857 independent observed reflections. In 
both determinations, the phenyl substituents lie very 
roughly orthogonal to the open C 213 3 face of the 
anion, pairs of rings being twisted (in a conrotatory 
manner) by an average of 7.8° for the [1-lNEt 3] salt, 
and 19.0° for the [Me 3NCH 2 C6H 5]' salt, from this 
extreme. In the latter case, this twist is traced to 
interion contacts. The C(cage)—C(cage) distances, 
1.590 (5) and 1.602 (3) A, respectively, and the mean 
facial B—B and facial B—C distances are discussed 
in relation to the equivalent distances in 1,2-Ph 2-1,2-
c10s0-C2B10H 
. 
Introduction. The preceding paper (Lewis & Welch, 
1993a) reports the molecular structure of 1,2-Ph,-1,2-
closo-C2 B 10H 10, noting the relatively long C(1)—C(2) 
connectivity [1.727 (6) A averaged over the two crys-
tallographically independent molecules] and the low 
9 values [9 is the average difference between 90° and 
the moduli of the C(cage)—C(cage)—C---C torsion 
angles] that describe the molecular conformation. 
Our interest in diphenylcarbaborane rests prima-
rily in its use as a ligand to d- and f-block metals, 
predominantly in the partially degraded form [7.8-
Ph-7,8-nido-C 2 139H9]2 [note the change in conven-
tional numbering between related closo and nido 
polyhedra (Casey, Evans & Powell, 1983)]. We have 
already shown (Lewis & Welch, 1992) that unusual 
structure deformation can arise when the phenyl 
0108-2701193/040710-05$06.00 © 1993 International Union of Crystallography 
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rings are twisted into positions described by high 0 
values on ligation to a sterically demanding metal 
fragment such as Rh(-C sMes). 
In this context, we considered it important to have 
full stereochemical information on diphenylcarba-
borane in its ligand form. As is the case with the 
parent compound [7,8-nid0-C2B 9H, 1 ]2  and related 
derivatives, it is convenient to study such species as 
the partially protonated monoanion, in which the 
additional H atom occupies an endo position on 
B(lO) (Buchanan, Hamilton, Reed & Welch, 1990; 
Shaw & Welch, 1992). Thus the present studies were 
undertaken. 
Experimental. K[7,8-Ph2-7,8-nido-C2B9H,0], a light 
yellow solid, was prepared from 1,2-Ph 2- 1 ,2-closo-
C2B 4OH,0  by an analogous method to that which 
affords K[7,8-nido-C2B9H, 2] from C2 B I0H 12  
(Hawthorne, Young, Garrett, Owen, Schwerin, 
Tebbe & Wegner, 1968). The title salts were each 
isolated as fine white precipitates by addition of 
aqueous solutions of excess [HNEt 3]Cl or 
[Me3NCH2C6H5]Br to an aqueous solution of K[7,8-
Ph2-7,8-nido-C2119H 10], and recrystallized from 
CH2Cl2–n-hexane (1/3) at 243 K. 'H NMR spectros-
copy in (CD3)2C0 showed each to be a 1:1 salt and 
"B and "B-{'H} NMR spectroscopies revealed 
signals very similar to those (fully assigned) of 7,8-
nido-C2139H, 21 (Buchanan, Hamilton, Reed & 
Welch, 1990). Thus, for the [HNEt 3] salt, 
"B-{'H} 5 –6.49(2B), - 12.77 (1B), -14.80(2B),  
–17.30(2B), –31.49 (1B) and –33.84 p.p.m. (1B), 
all signals showing doublet coupling [ ' JBH(eXO) 137 
160 Hz] with that at –31.49 showing additional 
doublet coupling [ 'JBH(en) 49.5 Hz] in the "B spec-
trum. Crystals of both salts were mounted on an 
Enraf–Nonius CAD-4 diffractometer (graphite 
monochromator). Experimental details in curly 
brackets, {), represent differences in respect of the 
[Me3NCH2C6H5] + salt. Crystal size 0.3 x 0.2  x 
0.2 mm (0.2 x  0.15 x  0.15 mm); cell parameters and 
orientation matrix from least-squares refinement of 
the setting angles (9{12)< 6< 130) of 25 centred 
reflections; data collection by co-20 scans in 96 steps 
with w-scan width (0.8 + 0.34tanO)°; data (h 0 to 13, 
k –13 to 13,/ –l4to 14(h0to 12.k0to25,1 –13 
to 13)) measured for 1 :5 0 S 25° at room tempera-
ture ( 185 (1) K, ULT- 1 low-temperature attach-
ment) over 96 {I 15) X-ray hours with ca 2% decay 
subsequently corrected {no appreciable decay or 
movement); corrections for Lorentz and polarization 
effects applied (Gould & Smith, 1986); of 4462 
{5118} data measured, 3289 {3857) [Fa:2.Ou(F)J 
used to solve [direct methods for most non-H atoms 
(Sheldrick, 1986), difference Fourier syntheses for all 
others (Sheldrick, 1976)] and refine (least squares on 
F) the structure. 
In the case of the [HNEt 3] + salt, the ethyl groups 
of the cation were found to be involved in disorder, 
the best model of which involves six methylene C 
atoms and four methyl C atoms with 0.5 occupancy, 
only one methyl C atom, C(12), being essentially 
ordered; all cation atoms were refined with isotropic 
thermal parameters and no cation H atoms were 
included; cage H atoms were allowed positional 
refinement [except H( 12), the endo H atom bound to 
B(10), which was included in an idealized position 
(Buchanan, Hamilton, Reed & Welch, 1990) but not 
thereafter refined] and phenyl H atoms were set in 
idealized positions (C—H 1.08 A); non-H atoms of 
the anion were refined with anisotropic thermal 
parameters but cage and phenyl H atoms were 
refined with a single group isotropic thermal param-
eter, 0.085 (3) A2 at convergence; weights were 
assigned according to w' = [a-2(F) + 0.000306F1; R 
= 0. 1074, wR = 0. 1206, S = 2.165; max. shift/e.s.d. 
in final cycle <0.15; max. and mm. residues in final 
LW synthesis 0.64 and –0.42 e A -3 , respectively; the 
former of these essentially caps the nido polyhedral 
face, 1.73-1.80 A from atoms C(7)—B(l 1), and is 
presumably due to partial boron disorder. Such a 
phenomenon is fairly frequently met in structural 
studies of nido icosahedral (hetero)boranes; scat-
tering factors for N, C, B and H inlaid in SHELX76; 
Fig. F drawn using EASYORTEP (Mallinson & 
Muir, 1985); molecular geometry calculations via 
CALC (Gould & Taylor, 1986); we ascribe the rela-
tively high residuals to the crystallographic disorder 
in both anion and cation, and to the relatively poor 
quality of the crystal used. 
In the case of the [Me 3NCH2C6H5] salt, the 
cation is ordered but the same disorder is apparent in 
the anion; all non-H atoms were refined with aniso-
tropic thermal parameters, and all H atoms [except 
that endo to B(lO), which was treated similarly as 
above] were located from iiF maps and freely 
refined, albeit with an overall isotropic thermal 
parameter, 0.0510 (13) A2 at convergence; weights 
were assigned according to w' = [o,2(F) + 
0.002546F2]; R = 0.0637, wR = 0.0930, S = 1.084; 
max. shift/e.s.d. in final cycle < 0.01; max. and mm. 
residues in final AF synthesis 0.94 and –0.30 e A - ', 
respectively; the former 1.59-1.84 A from the facial 
C or B atoms. 
Discussion. Table * lists coordinates of refined 
non-H atoms and equivalent isotropic thermal 
* Lists of structure factors, artisotropic thermal parameters, 
H-atom parameters and complete geometry have been deposited 
with the British Library Document Supply Centre as Supplemen-
tary Publication No. SUP 55795 (56 pp.).  Copies may be obtained 
through The Technical Editor, International Union of Crystallog-
raphy. 5 Abbey Square, Chester CHI 2HU. England. [CIF refer-
ence: MU10271 
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Table 1. Fractional coordinates and equivalent iso- 
tropic thermal parameters (A2) for non-H atoms in 
[HN(C2H5)31[7,8-Ph,-7,8-nido_C,B 9H 1 
= (I/3)E,U1a,*aj*aj.a 
X Y 
B(1) 0.2764(5) 1.0369(5) 0.6872 (4) 0.064(4) 
9(2) 0.2111(5) 0.9131(5) 0.7057(4) 0.064(4) 
9(3) 0.3716 (5) 0.984145) 0.6418(5) 0.070(4) 
9(4) 0.4574(51 0.9292(5) 0.7136(4) 0.064( 
B(S) 0.3532(6) 0.9879(5) 0.8239(5) 0.075( 
NO 0.1933(6) 0.9790(5) 0.8204(4) 0.071( 
 0.3530(4) 0.7386(4) 0.7539(3) 0.0480) 
 0.4916(4) 0.7489(4) 0.7557(3) 0.045 (3) 
9(9) 0.4926(5) 0.9022(5) 0.9627(4) 0.061(4) 
94(0) 0.3227(5) 0.8435(5) 0.9324(4) 0.069(4) 
8(11) 0.2444 (5) 0.7905 (5) 0.8539(4) 0.059(4) 
071) 0.3635(4) 0.6146(4) 0.7246(3) 0.054 (3) 
 0.359515) 0.6205(5) 0.6114(4) 0.094(5) 
 0.3601 (7) 0.5063(7) 0.5881 (5) 0.127( 
 0.3662(1) 0.3832(6) 0.6783 (5) 0.128(6) 
 0.3751 (7) 0.3738(5) 0.7913(5) 0.117( 
 0.3744 (5) 0.4878(5) 0.8137(4) 0.090 (4) 
C48l) 0.6275(4) 0.6341 (4) 0.7262(3) 0.0480) 
 0.6866(4) 0.6612(4) 0.6178(3) 0.061 (3) 
 0.9148(5) 0.5542(5) 0.5969(4) 0.077(4) 
 0.8947(5) 0.4181(5) 0.6819(4) 0.083(4) 
 0.8260(5) 0.3894 (5) 0.7909 (4) 0.081 (4) 
 0.6997(4) 0.4954(4) 0.8126(4) 0.067(4) 
N 0.1087(6) 1.1281 (6) 1.2206(5) 0.1194(11) 
C((14) 0.1076(13) 1.2369(13) 1.2586(12) 0.109(4) 
C(I18) 0.1150(14) 1.1252(14) 1.3724(11) 0.112(4) 
C(12) 0.0109(10) 1.2626(10) 1.3697(8) 0.177(3) 
C(218) 0.136(3) 1.244(3) 1.129(3) 0.259(11) 
C(214) 0.1769(13) 1.1357 (14) 1.0901 (12) 0.101 (4) 
C422.8) 0.1199(17) (.2309 (20) 1.0170(14) 0.123(5) 
C(22A) 0.0947(14) 1.3151(15) 1.0018(11) 0.104(4) 
COlA) 0.214(3) 0.966(3) 1.3061 (20) 0.214(9) 
COI H) 0.1687(18) 0.9453 (20) 1.2417 (14) 0.140(5) 
C(324) 0.2042(14) 0.8458(15) 1.2973 (12) 0.107(4) 
C(328) 0.3185 (18) 0.8887(17) 1.2571 (14) 	. 0.142(5) 
parameters, and Table 2 details internuclear dis-
tances not involving H atoms and selected interbond 
angles thereby derived for the [HNEt 3] + salt. 
Equivalent information for the [Me3NCH2C6H5] + 
salt is contained in Tables 3 and 4, respectively. Fig. 
I shows a perspective view of a single molecule of the 
anion (that actually plotted is the [HNEt 3] salt, but 
the anion in both determinations appears practically 
identical) and gives the atomic numbering scheme. 
Note that H(endo) appears as H(12) in the deter- 
mination of the [HNEt3J salt and H(IOB) in the 
determination of the [Me 3NCH 2C6H 5J salt. 
These structural studies confirm the identity of the 
anion as [7,8-Ph 2-7,8-nido-C2B9H 10]. As expected 
(Wade, 1971), the anion geometry is that of a nido 
fragment of an icosahedron. In both determinations 
the anion suffers partial disorder, manifested by the 
appearance of electron density (0.64 e A 3 in the 
case of the [HNEt3] salt; 0.94 e A -3 in the case of 
the [Me3NCH2C6H5] salt) in the 12th icosahedral 
position. As each of the anion's phenyl substituents 
appear ordered it is likely that in both cases this 
residual electron density arises from incomplete 
occupation of the B(3) cage position, but the degree 
of disorder is clearly small and in neither case is the 
refined U value of B(3) anomalously large when 
this atom is refined with full occupancy. Most of the 
triethylammonium cation is also disordered. 
Table 2. Interatomic distances (A) and inierbond 
angles (°) in [HN(C2H 5)31[7,8-Ph,-7,8-nido-C,B 9H 
] 
B(1)-B(2) (.766 	8) 84l0)-B(lI) 
BO)-B(3) 1.738(8) C(71)-C(72) 
1.7958 
) 1.379(7
B(l)-8(4) 1.74718) C(71)-C(76) 1.376 17) 
B(l)-9(5) (.779 (8) C(72)-C(73) 1.391 (9) 
B(l)-B(6) 1.802(8) C(73)-C(74) 1.371 (10) 
B(2)-B(3) 1.741(8) C(74)-C475) 1.3 74 ((0) 
B(2)-B(6) 1.764(8) C(75)-C(76) 1.381 	8) 
B(2)-C(7) (.7(6(7) C(81)-C(82) (.383(6) 
B(2)-B(I1) 1.778(g) C(81)-C(86) .394(6) 
B(3)-3(4) 1.71-9(8) C(82) Q83) 1.392(7) 
11(3)-C47) 1.758(7) C(83)-C(84) 1.367(8) 
B(3)-C(8) 1.731 (7) C(84)-C(85) 1.389(8) 
9(4)-B(5) 1.735(g) C(85)-C(86) 1.369(1) 
B(4)-C(8) 1.704(1) N-C(l IA) 1.437(16) 
B(4)-3(9) 1.799(8) N-C(I IB) 1.87306) 
B(5)-B(6) 1.820(8) N-C(218) 1.480) 
8(5)-B(9) 1.775(8) N-C(2 1A) 1.654(16) 
B45)-B(10) 1.794(8) N-CO lA) 1.60(3) 
B(6)-11(I0) 1.769(g) N-C(318) 1.704 (21) 
B(6)-B(I1) 1.753(8) C(IIA)-C(12) 1.618(18) 
C(7)-C(8) 1.590(5) C(1 I8)-C(12). 1.363(19) 
C(7)-8(1I) 1.631(7) Q21 8)-C(21-8) 1.49(4) 
C(7)-C(71) 1.489(6), C(21A)-C(224) 1.682(22) 
C(8)-B(9) 1.638 (7) C(31A)-C(32A) 1.430) 
C(8)-C(81) 1.505(5) C(318)-C(32B) 1.46(3) 
B(9)'-3(I0) 1.839(8) 
BM-B(I)-BO) 59.60) B(4)-C(8)--C(81) 120.6(3) 
B(2)-11(l)--11(6) 59.2(3) C(7)-C(8)--C(8I) 118.6(3) 
B(3)-B([)-B(4) 59.50) B(9)-C(8)--C(81) 118.4(3) 
58.9(3) 8(4)-B(9)-B(5) 58.1 (3) 
B(5)-11(I)-B(6) 61.1 (3) B(4)-849)--C(8) 59.20) 
B(l)-B42)-B(3) 59.40) B(5)-8(9)-B(10) 59.5 (3) 
B(l)-3(2)--B(6) 61.4(3) B(5)-B(10--11(6) 61.40) 
B(3)-B(2)-C(7) 61.10) B(5)-B(I0)-B(9) 58.5 (3) 
B(6)-B(2)-110 1) 59.30) 	. B(6)-B(10)-B(1 1) 58.90) 
C47)-B(2)-B(11) 55.6(3) B(2)-80 l)-B(6) 60.0(3) 
B(1)-B(3)-13(2) 61.0(3) B(2)-8(ll)--C(7) 60.3(3) 
BM-B(3)-B(4) 60.5(3) B(6)-8(II)--B(10) 59.8(3) 
B(2)-B(3).--C(7) 581 (3) C(7)-C(71)--C(72) 123.4(4) 
8(4)-8(3)--C(8) 39.00) C(7)-C(71)---C(76) 119.3 (4) 
C(7)-B(3)--C(8) 54.20) C(72)-C(71)---C(76) ((7.2 (4) 
B4I)-B(4)-B0) 60.0(3) C(7I).-C(72)--C(73) 121.60) 
B(I)-B(4)-B(5) 61.4(3) C(72)-C(73)---C(74) 120.2(6) 
B(3)-B(4)--C(8) 60.6(3) C(73)-C(74)--C(75) 118.7 (6) 
9(5)-B(4)-B(9) 60.3(3) C(74)-C(75)--C(76) 120.7 (6) 
C(8)-11(4)-B(9) 55.70) C(71).-C(76)-C(75) 121.6 (5) 
B(I)-8(5)-B(4) 59.6(3) C(8)-C(81)--C(82) 123.0(4) 
B(l)-B(5)--8(6) 60.1(3) C(8)-C(81)--C(86) ((8.8 (4) 
B(4)-8(5)--B(9) 61.70) C(82)-C(81 )-C(86) 118.1(4) 
B(6)-B(5)-8(I0) 58.60) C(81)-C(82)---C(83) 120.7(4) 
B(9)-B(5)-B(10) 62.0(3) C(82)-C(83)--C(84) 120.8 (5) 
B(l)-8(6)-B(2) 59.40) C(83)-C(84)---C(85) 118.9(5) 
B(l)-B(6).-B(5) 58.8(3) C(84)-C(85)--C(86) 120.6(5) 
B(2)-B(6)-B(Il) 60.7(3) C(81)-C(86)--C(85) 120.8(4) 
8(5)-B(6)-B(I0) 60.0(3) C(IIA)-N--C(21A) 111.5(9) 
8(I0)-8(6)-B(I I) 61.30) C(( IA)-N--C(31A) 108.2(12) 
B(2)-C(7)--B(3) 60.1(3) C(1l8)-N-C(218) 113.3(14) 
B(2)-C(7)--B( II) 64.1(3) C(l lB)-N--C(31B) 102.8(9) 
B(2)-C(7)--C(71) (20.6 (3) C(21B)-N--C(318) 131.7(15) 
B(3)-C(7)--C(8) 62.0(3) C(21A)-N--C(314) 104.1(12) 
9(3)-C(7)--C(71) 118.8(3) N-C(I IA)-C(12) 114.0(10) 
C(8)-C(7)--C(71) ((8.6(3) N-C(IIB)...C(12) 103.7(10) 
B(lI)-C(7)--C(71) 118.1(4) N--C(21 B)---C(22B) (04.3 (21) 
B(3)-C(8)-B(4) 60.4(3) N-C(21A)--C(22A) 106.8(10) 
B(3)-C(8)--C(7) 63.713) N-031 A)--C(32A) 115.1(20) 
943)-C(8)-C(81) ((7.6(3) N-C(318)---C(328) 99.8(13) 
B(4)-C48)-B(9) 65.1 0) 
The anions have near C, symmetry about a plane 
passing through B(l), B(3) and B(lO). The lower 
pentagonal rings [B(2), B(3), B(4), B(5), B(6)] are 
essentially planar {o,=0.003 and 0.016A for 
[HNEt 3J and [Me3NCH2C6H 5] salts, respectively 
[tr (z) "2 where zi is the displacement of the ith 
atom from the least-squares plane]}, but the upper 
C2 B 3 rings are not (o = 0.049 and 0.050 A, respec- 
tively), each being folded into an envelope conforma- 
tion. In the case of the [HNEt3] salt, this fold (4.4°) 
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Table 3. Fractional coordinates and equivalent iso- 
tropic thermal parameters (A2) for non-H atoms in 
[(CH3)3NCH,ph}[7,8-Ph2..7,8.njdo-c2H 10] 
Table 4. Interatomic distances (A) and interbond 
angles (°) in [(CH 3)3NCH2Ph][7,8-Ph 2-7,8-n,do- 
C2B9H I0] 
= (II3)LXU 1a,a,aa1 
X V 
8(l)  
= U q 
0.54350) -0.68272 (14) -0.30457(22) 0.0367(15) B(2) 0.54174 (25) -0.60240 (13) -0.27735 (22) 0.0343 (14) 843) 0.3969(3) -0.63991 (14) -0.35050(25) 0.0424(17) 8(4) 0.39660(25) -0.71428 (12) -0.28893 (23) 0.0342 (14) 845) 0.54012 (24) -0.72280(13) -0.17422 (22) 0.0343(14) 8(6) 0.63337 (25) -0.65163 (13) -0.16668 (23) 0.0356(15)  0.40440 (20) -0.59031 (10) -0.23629(18) 0.0277 (12)  0.32363 (20) -0.65294 (10) -0.24159 (18) 0.0276 (12) 8(9) 0.39669 (24) -0.70(95 (12) -0.14091 (22) 0.0324(14) 8((0) 0.54984 (24) -0.66878 (13) -0.06127 (22) 0.0327(14) 8(11) 0.53948 (25) -0.59203 (12) - 0.12985(22) 0.0334(14) 
C(1I) 0.32655(2!) - 0.33165(10) -0.26517(19) 0.0316(12)  0.24760) -0.51717 (12) -0.37649 (22) 0.0436(15)  0.1121 (3) -0.46427(14) -03961 (3) 0.0516(17)  0.1727(3) -0.42440 (13) - 0.3068(3) 0.0526(18)  0.25170 (25) -0.43740(13) -0.1963(3) 0.0469(16)  0.32641 (23) -0.49036(11) -0.17596(22) 0.0367(14) C(81) 0.17885 (20) -0.64790(10) -0.27410(18) 0.0278(11) 
C482) 0.09892 (23) -0.66809(11) -038085 (21) 0.0363(13)  -0.03526(23) -0.66437 (12) -0.40560 (23) 0.0414(15)  -0.09154 (24) -0.64015 (13) -0.3252(3) 0.0474(16)  -0.01311(23) -0.61965(12) -0.21893 (24) 0.0434(15)  0.12052 (21) -0.62343 (II) -0.19342(22) 0.0350(13) N -0.02785(17) -0.82683 (9) -0.18356(16) 0.0327(11) 
CO) 0.0961 (3) -0.79193(14) -0.1679(3) 0.0498(17) C(2) -0.1174(3) -0.78885(13) -0.13586(23) 0.0422(15) C43) 0.00220) -0.88648 (12) -0j1812 (25) 0.0426(15) C(4) -0.08716(25) -0.83870(13) -0.31385 (20) 0.0411(15)  -0.21154 (24) -0.87444(12) -0.34244(2!) 0.0402(14)  -0.3309(3) -0.84562(15) -0.36(98(25) 0.0512(17)  -0.4436(3) -0.87970 (18) -0.3839(3) 0.0662 (22) 
C444) -0.4363(3) -0.94263(20) -0.3873(4) 0.082(3)  -0.3207(3)  -0.97(57 (17) -0.3727(4) 0.0785 (25)  -0.20900) -0.93769 (14) -0.3493 (3) 0.0571 (19) 
is convex about the C(8) ... B(lO) vector, whereas for 
the [Me3NCH2C6H5] + salt the fold (4.2°) is concave 
about the B(9)•B(1 1) vector. However, these struc-
tural differences are slight, as is demonstrated by the 
calculation of an overall root-mean-square misfit 
(Macgregor, Wynd, Gould, Moulden, Taylor, 
Yellowlees & Welch, 1991) of only 0.024 A between 
the C2B9 portions of both anions. 
The major deviation form C5 symmetry of the 
anions in the solid state, indeed the major structural 
difference between the anions in the two crystallo-
graphic determinations, resides in the twists of the 
phenyl substituents about their C(cage)-C(aryl) 
bonds. As previously noted (Lewis & Welch, 1993a), 
it is convenient to describe these twists by the param-
eter 9. In both salts of [7,8-Ph2-7,8-nid6-C 2 B9H 10] 
studied herein, 0 values are generally low, so that in 
a broad sense both phenyl groups can be described 
as lying essentially orthogonal to the open C2B3 car-
baborane face. In detail, however, both phenyl rings 
in each salt are measurably twisted from this extreme 
position in a conrotatory manner, recording 0 values 
of 5.6 [ring C(71)-C(76)] and 10.0° [ring C(81)-. 
C(86)] in the [HNEt 3] salt, and 17.9 [C(7l)-C(76)J 
and 20.0° [C(8l)-C(86)J in the [Me 3NCH,C6I-I,]*  
salt. Molecular-orbital (MO) calculations at the 
extended Hückel level on l,2-Ph2-I,2-c/os0-C 2 B 10H 10 
(Lewis & Welch, 1993a) imply that the energies 
8(I)-8(2) 1.771(4) 849)-84l0) 1.800(4) B(l)-8(3) 1.775(4) 8(10).-8(I I) 1.843(4) 
B(I)-8(4) 1.779(4) C(7-C(72) 1.396(4) 
8(I).-B(5) 1.795(4) C(71)-C(76) 1.393 (3) 11(I)-8(6) 1.789(4) C(72)-C(73) 1.385(4) 
B(2)-8(3) 1.753(4) C(73)-C(74) 1.373(4) 
11(2)-8(6) 1.765(4) C(74)-C(75) 1.381(4) B(2)-q7) 1.704(4) C(75)-C(76) 1.391(4) 8(2).-8(I I) 1.787(4) Q81) Q82) 1.391(3) 
B(3)-8(4) 1.772(4) C(81)-C(86) 1.398(3) 
B(3).-01) 1.722(4) C(82)-C(83) 1390(4) 
B(3)-C(8) 1.728(4) C(83)-C(84) 1.378(4) 
3(4)-B(5) 1.758(4) - 	 C(84)-C(85) 1.383(4) B(4)-C(8) 1.7190) C(85)-C(86) 1.383(4) 8(4)-3(9) 1.792(4) N-C(I) 1.497(4) 
8(5)-B(6) 1.827(4) N-C(2) 1.498(3) 
8(5)-8(9) 1.758(4) N-C(3) 1.497(3) B(5)-800) 1.768(4) N---Q4) 1.529(3) 8(6)-B(I0) 1.794(4) C(4)-041) 1.497(4) 
B(6)-B(1J) 1.770(4) C(41)-C(42) 1.386(4) C(7)-C(8) 1.6020) C(41)-C(46) 1.373(4) C(7)-8(I I) 1.636(3) Q43) 1.378(5) 
C(7)-C471) 1.5060) Q44) 1.366(5) 
C(8)-11(9) 1.6300) q44)-c(45) 1.358 (6) 
C(8).-C(81) 1.497(3) C(45)-C(46) 1.365(5) 
8(2)-B(1)--843) 59.25(16) C(7)-C(8)--C(81) 117.40(18) 8(2)-13(l)-B(6) 59.46(15) B(9)-C(8)--C(8I) 119.05(18) B(3)-B(()--8(4) 59.80(16) 8(4)-8(9)-8(5) 59.35(15) R(4)-8(1)-8(5) 58.9205) B(4)'-B(9)--C(8) 60.10(14) 
B(5)-8(l)-8(6) 61.28(15) B(5)-B(9)--B(10) 59.60(15) B(I)-8(2)-B(3) 60.49(16) B(5)-B00--846) 61.88(15) 8(I)-8(2)-8(6) 60.79(16) 8(5)-B(10)-B(9) 59.0305) 
8(3)-B(2)--C(7) 59.75(15) B(6)-8(I0)-B(I1) 58.39(15) 
59.76(15) 8(2)-8(ll)--8(6) 59.5105) C(7)-B(2)-8(1 I) 55.83(14) 8(2)-B(I l)-C(7) 59.52(14) 
B(1)-80)--842) 60.26(16) 8(6)-8(II)--B(I0) 59.1505) B0)-8(3)-8(4) 60.21(16) C(7)-q71)--q72) 123.71(21) 
8(2)-B(3)--C(7) 58.72(15) C(7)-C(71)---C(76) (19.18 (20) 
8(4)-8(3)--C(8) 58.82(15) C(72)-C(71)--C(76) 117.02(22) 
C(7)-8(3)--C(8) 55.32(14) C(71)-C(72)-..q73) 121.00 (25) 
B(I)-B(4)-B(3) 59.99(16) C(72)-C(73}---C(74) 121.00) 
8(1 )-B(4)--B(5) 61.00(15) C(73)-C(74)--C(75) 118.9(3) B(3)-B(4)--C(8) 59.33(15) C(74)-q75)--c(76) 120.4(3) 8(5)-8(4)--11(9) 59.37(15) C(71)--C(76)--C(75) 121.69 (23) 
C(8)-8(4)-8(9) 55.26(14) C(8)-C(81)---C(82) (22.65 (20) B(I)-B(5)-8(4) 60.08(15) C(8)-C(81)---C(86) 119.11 (20) 84 I)-B(5)-B(6) 59.2005) C(82)-C(8 I )-C(86) 118.22 (21) B(4)-8(5)-B(9) 61.28(15) C(81)-C(82)---q83) (20.59 (22) 
B(6)-B(5)--8(I0) 59.49(15) C(82)-C(83)-C(84) 120.60(24) B(9)-B(5)-800) 61.37(15) c(83)-c(84)--c(85) 119.4(3) 
B(I)-B(6)---8(2) 59.75(15) - 	 C(84)-C(85)--086) (20.39(25) 8(!)-B(6)-8(5) 59.5205) C(81).-C(86)---C(85) 120.83 (22) 3(2)-B(6)-B(u) 00.73(15) C(I)-N--C(2) 108.75 (20) 
8(S)-8(6)-8(I0) 58.63 (IS) CM-N--C(3) 108.60(20) 800-B(6)--8(I I) 62.47(15) C(l)-N--C(4) 108.02(19) B(2)-C(7)--8(3) 61.53 06) C(2)-N--C(3) 109.90(19) B(2)-C(7)-B((() 64.65(15) C(2)-N--C(4) 110.80(19) 8(2)-C(7)---C(71) 122.25(18) C(3)-N--C(4) 110.70(19) B(3)-C(7)--C(8) 62.52(15) N-C(4)--C(41) 113.89 (21) B(3)-C(7)--C(7I) 116.54(19) C(4)-C(4I)-c(42) 121.96(24) C(8)-C(7}--C(71) 116.47(18) C(4)-C(41)---c(46) 119.86(24) 
8(1 I)-C(7)--C(71) 120.62(19) C(42)-C(41 )-C(46) 118.20) 
8(3)-C(8)--8(4) 61.85 (IS) C(41)-C(42).--c(43) (20.8(3) - B(3)-C(8)--C(7) 62.1605) C(42)-C(43)---C(44) 119.0(3) B(3)-C(8).-.C(81) 117.13 (19) C(43)-C(44)--C(45) 121.0(4) 8(4)-C(8)--8(9) 64.64(13) C(44)-C(45)--C(46) 119.8(4) 
8(4)-C(8)..--C(8 () 120.61(18) C(41)-C(46)--C(45) 121.20) 
required for twists of these magnitudes are well 
within the range of crystal packing forces, and it may 
be significant in this respect that, in the crystal of the 
[Me3 NCH,C6H 5] salt, ring C(81)-C(86) is proximal 
to the C(l)H 3 methyl group of the cation [shortest 
contacts H(14)••C(81) 2.75 (3), H(14) ... C(82) 
2.84 (3), H(l4)•C(86) 2.82 (3) A]. Were these con-
tacts to be responsible for the twist of the Q81)- 
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C(86) ring it would be likely that the C(7l)-C(76) 
ring would twist in the same sense by roughly the 
same amount as a consequence of interphenyl intra-
molecular crowding. In the following paper (Lewis & 
Welch, 1993b), a further example of this structural 
cooperation between the adjacent phenyl rings of 
carbaboranes is described. 
Inclusion of one or both phenyl rings in the 
misfit calculations has the expected results; the 
{C9B 10[C(81)-C(86)]} fragments have an r.m.s. misfit 
of 0.086 A and the {C2B 1Q[C(7l)-C(76)]} fragments 
an r.m.s. misfit of 0.160 A, the greatest individual 
misfits occurring for the ortho and meta C atoms. 
For {C2 B 10[C6]2} fragments the r.m.s. misfit is 
0.184 A.. 
The C(7)—C(8) distance, 1.590 (5) A in the 
[HNEt3] salt and 1.602 (3) A in the 
[Me3NCH2C6H5] + salt, is substantially less than the 
C(cage)—C(cage) distance in 1,2-Ph 2- 1 ,2-closo-
C2B 10H 10 (Lewis & Welch, 1993a). This is an impor-
tant result since it shows that aryl-bearing cage C 
atoms can approach to within reasonably short dis-
tances [for comparison, C—C in [7,8-nido-C 2B9H 12] 
is 1.542 (4) A (Buchanan, Hamilton, Reed & Welch, 
1990)] and it supports the conclusion (Lewis & 
Welch, 1993a) that there is an electronic contribution 
to the long C(cage)—C(cage) connectivity in 1,2-Ph 2-
1,2-closo-C2 B 10H 10 at low 0 values. In fact, the 
change in the C(cage)—C(cage) length is only one of 
three measurable structural differences between 
1,2-Ph2- 1 ,2-closo-C2 B 10H 30 and [7,8-Ph2-7,8-nido-
C2 B9H IO], the others being (facial B—B) and (facial 
B—C), where facial refers to the open C 2 13 3 face of 
the nido polyhedron as a capping {BH} 2 fragment 
is replaced by an endo [to B(10)] proton. Table 5 
summarizes the relevant parameters and shows that 
from 1,2-Ph2-! ,2-closo-C 2B 10H 10 to [7,8-Ph2-7,8-nido-
C2 B9H 10], (facial B—B) lengthens, (facial B—C) 
shortens and, as previously noted, C—C shortens. 
Fig. I. Perspective view of[7,8-Ph2-7,8-nido-C2B9H10] ((HNEtj 
salt. 50%  thermal ellipsoids, except for H atoms which have 
artificial radii of 0.1 A for clarity). 
Table 5. Comparison of key molecular parameters (A) 
in 1,2-Ph,- 1 ,2-closo-C B 1 0H 10 and [7.8-Ph2-7,8-nido- 
C.B9H 10] - 
l.2-PhrI.2cIosoC;B,o}f,o 	[7.8-Ph-7.8-nido-C:B.H101 
(Facial B—B) 	 1.767 (Sr 	 1.319 (215)" 
(Facial S—C) .71015)'' 
(C—C) 	 .727(4)'' 	 1.596(4)" 
Notes: (a) average of 8 measurements over 2 molecules, range 1.754 (6)-
1.781 (6) A. (b) average of 4 measurements over 2 molecules, range 
1.795 (8)-I.843 (4) A; (c) 8 measurements, 1.700 (5)-l.715 (5) A. ('04 meas-
urements. 1.630(3)-I.638(7)A: (e) 2 measurements. 1.720(4) and 
1.733(4) A; (f) 2 measurements. 1.590(5) and 1.602(3)A; (g)  e.s.d. of 
mean from (e.s.d.)' = [( e, - 1c)'J/(,V - I) where ,c, is the ith e.s.d. and 
Kb.. the mean of N similar types; (6) e.s.d. of mean is mean e.s.d. 
These changes are fully analogous to those 
previously identified in the comparison of [3-PPh 3-
3,1,2-cl0s0-CuC 2B9H 11] (Do, Kang, Knobler & 
Hawthorne, 1987) and [7,8-nido-C2B9H 12] 
(Buchanan, Hamilton, Reed & Welch, 1990), and 
have been traced (Hamilton & Welch, 1990) to 
differing degrees of depopulation of the filled 
.7r MO's of [7,8-nido-C2B9H 11 ]2 by zero-electron 
three-orbital ({R 3PCu} or {BH} 2 ) and zero-
electron one-orbital (H') units. 
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